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alpinus, 580
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anthracinus, 585
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assimilis, 580, 584
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circumscriptus, 583
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coriaceus, 585
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metallicus, 585
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Catapiesini, 619
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Catascopidius, 166
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Catostomus catostomus, 523
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166, 172, 174, 175, 176, 178, 179, 180,

200, 201, 208, 209, 215, 240, 579, 583,

584, 586, 600, 605, 619

chaudoiri, Phloeotherates, 158

551, 552, chaudoiri, Stenognathus, 143, 162, 163, 164

Chaudonneret, J., 12, 17, 20, 21

Chelicerata, 8

Chelonodema, 175

Chesters, G., 70, 93

Chilopoda, 19

Chironomidae, 79, 80, 81, 89, 90, 92, 104, 107

Chironomus, 80, 8 1 ,
90
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Chironomus (continued),

ten tans, 105, 107

Chlaenius, 581

cholla cactus, 1 1

7

chontalensis, Catascopus, 158, 169

Chromatomyia, 131
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Chrysopilus, 511, 576

Chrysopogonini, 507
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cicada killer, 1 27

Cicindela, 619

Cicindelidae, 239, 241, 242

Cicindelinae, 619

cinctus, Carabus, 583

circumscriptus, Carabus, 583

cisteloides, Carabus, 580

civile, Enallagma, 82, 83

Clairville, J. P. de, 583

clam, 101

clypeadon, Laticinctus, 114

Coats, J. R. (see Kapoor, I. P.), 108

Coccina, 60

Coccinea, 66

Coccoidea, 59, 63

cockle, 100

Cocks, J. A., 70, 93

cod, 102

Coenagrion angulatum, 82, 83

resolutum, 82, 83

resolu turn—Enallagma cyathigerum, 83
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143-242, 245-498, 579-586, 587-589,

591-619

collaris, Coptodera, 215

Collins, H. L., 99. 107

Colpodes, 240, 594, 619
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sculp tilis, 84
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complanata, Glossiphonia, 81

complanatus, Pristonychus, 583

concolor, Ochropisus, 143, 158, 165-166,

167

confluens, Carabus, 584

congener, Lestes, 83

consirnilis, Rhantus, 84

consularis, Platynus, 6

convexulum, Agonum, 6

convexulus, Anchomenus, 6

convexulus, Platynus, 6

Cooke, A. S., 90, 93

Coon, F. B., 70, 94, 98, 108

Cope, O. B., 70, 86, 88, 93, 104, 105, 106, 107

Coptodera, 143, 149, 152, 153, 154, 156, 163

168, 172, 176, 234, 240

collaris, 215

(Coptodera), 153, 176-178

elongata, 173, 177

emarginata, 176

fasciatopunctata, 175

signata, 205, 213

Coptoderides, 147

Coptoderina, 143, 177, 241

Coptoderitae, 147, 152

Coquillett, D. W., 516, 536, 555, 577

Corbet, P. S., 69, 93,499-500

Corbicula manilensis, 101

Corduliidae, 499

coriaceus, Carabus, 585

coriaceous, Phlaeothrips, 60, 62

Corixidae, 78, 79, 81, 88, 90, 91, 99

cornuta, Corydalis, 99, 100

cornu tus, Laemostenus, 583

corsicus, Harpalus, 584

Corydalis cornuta, 99, 100

costata, Phloeoxena (Phloeoxena), 182, 184,

187, 191, 192, 193, 222, 225, 227, 229,

231, 232

costatus, Helluo, 583

costiferum, Sympetrum, 82

cotton, 65

Cottus perplexus, 105

Coulson, J. C., 88, 93, 99, 106, 1 10

crab, 98, 101

marsh, 104

shore, 100

Crabtree, A. N. (see Robinson, J.), 88, 93, 99,

106, no
Craig, D. A., 1 1 1-1 12, 501, 243-244, 621

Crampton, G. C., 508, 509, 51 1, 555

crappie, black, 102

white, 102



IX

cmssiceps, Catascopellus, 170, 171

Cratocerina, 595

crayfish, 89, 98, 99

Creutzer, C., 583, 585

crickets, 103

Cricotopus, 81

cristatus, Bycanistes, 154

Croker, R. A., 85, 86, 87, 93

Crosby, D.,G., 88, 93, 105, 107

Cross, P. M.,(see Hearle, J. W. S.), 28, 66

Crustacea, 8, 13, 19, 100

Cryobius, 594

Csiki, E., 6, 147, 148, 156, 159, 162, 163,

166, 172, 174, 175, 176, 178, 240, 599,

600, 606, 607,610,611,619

Ctenodactylini, 148

Culex pipiens, 88

pipiens quinquefasciatus, 101

Cummins, K. W., 98, 107

cuneata, Rhangia, 109

Cupressus arizonica, 1 1

7

cupreus, Carabus, 585

Cursorius, 582

Curtis, J., 580. 581, 583, 585, 586

Cutten, F. E. A., 4

cutworms, 115, 122

cyanellus, Lepomis, 99

cyaneus, Scarites, 581

cyanocephalus, Carabus, 583

cyathigerum, Enallagma, 82, 83

Cyclops, 11

Cyclorrhapha, 3, 4, 59, 60

Cymindina, 147

Cynoglossum, 132

Cyrtolaina, 591, 595

Cyrtolaus, 499, 591-619

brevispina, 591, 598, 599, 600, 602, 604,

606, 608, 609, 612, 613, 615, 616,

617, 618

(Cyrtolaus), 598, 599, 606, 607, 609,

614, 616

furculifer, 591, 598, 599, 600, 602, 605,

606, 608, 609,610,611, 612,613,615

617, 618

grumufer, 591, 598, 599, 600, 602, 604,

606, 608, 609, 610, 611, 612, 613,

615, 617, 618

(Ithytolus) orizabae, 591, 598, 599, 600,

601, 603, 605, 607, 612, 613, 615, 617

lobipennis, 591, 598, 599, 600, 601, 603,

Cyrtolaus, (continued),

lobipennis, (continued), 606, 607, 610, 613,

615, 616, 617

newtoni, 591, 598, 599, 600, 602, 606, 608,

609, 612, 613, 614, 615, 616, 618

orizabae ( = anomalus), 6 1

6

rieardo, 591, 597, 598, 599, 600, 602, 603,

606, 608, 609. 611, 613, 615, 617, 618

spinieauda, 591, 598, 599, 600, 601, 603,

606, 607, 609, 610, 611, 613, 615, 616,

617

subirideseens, 591, 598, 599, 600, 601, 603,

606, 607, 608, 609. 612, 613, 615, 616,

617, 618

Daborn, G. R., 74, 93

Dacus tryoni, 65

Damalini, 507

Damalus, 507

dama, Searites, 582

Damerothrips, 65

Daphnia, 77, 101, 105

magna, 88, 93, 95, 107, 1 10

Darlington, P. J., Jr., 154, 166, 169, 176,

184, 187, 188, 189, 190, 223, 224, 234,

235, 238, 240, 523, 555, 594, 617, 619, 621

Dasypogoninae, 506, 507, 51 1, 554, 556

Davies, R. G., 26, 55, 58, 60, 65

Davis, B. N. K., 99, 102, 104, 107

Davis, J. R. (see Collins, H. L.), 99

davisi, Plenoeulus, 114

dealata, Phloeoxena (Phloeoxena), 181, 188,

189, 191, 192, 193, 225, 227, 229, 231,

232, 238

Deans, L R. (see Coulson, J. C.), 88, 93

deeipiens, Harpalus, 582

deeoratella, Seirpus, 79

Degeer, C., 580

Dejean, P. F. M., 166, 169, 176, 178, 205, 213,

240, 241, 580, 581, 582, 583, 584, 586

de la Cruz, A. A. (see Naqvi, S. M.), 99, 101,

109

de Lappe, B. (see Risebrough, R. W.), 102,

110

Demerec, M., 8, 18

demersum, Ceratophylum, 71, 74, 85

Demetrias, 581

dentifer, Pristolomus, 158, 162

dentifer, Stenognathus, 162, 164

denuda, Eudioetria, 537, 539, 542, 543, 545,

548, 549, 553, 572, 575



X

depressus, Scarites, 584

Derbeneva, N. N., 55, 64, 65

Deroceras, 103,

Derr, S. K., 97, 104, 105, 107

Des Gozis, M., 582

Deuterophlebiomorpha, 4

Dialineura, 499, 577-578

affinis, 577

albata, 577

anilis, 571

aurata, 577

gorodkovi, 577, 578

intermedia, 577

lyneborgi, 577

mongolica, 577

nigrofemorata, 577

Diaptomus, 11

Diaspididae, 59

Dicaelus, 581

elongatus, 581

purpura tus, 581

teter, 581

violaceus, 581

Dicolonus, 505, 506, 508, 510, 51 1, 512,

513, 523, 524, 526, 527, 553

argentatus, 524

medium, 505, 524, 525, 526, 527, 553,

561, 567

nigricentrum, 505, 524, 525, 526, 527,

553, 567

pulchrum, 505, 524, 525, 526, 527, 553

simplex, 524, 525, 526, 527, 553, 559,

561, 565, 573, 575

sparsipilosum, 504, 524, 525, 526, 527,

553

Dicrotendipes, 81

digger wasp, 113-127

dimidiatus, Carabus, 585

Dimond, J. B., 69, 70, 93, 103, 107

Dindal, D. L., 104, 107

Dinkelman, M. G. (see Malfait, B. T.), 234,

235, 242

Dinodes, 581

rotundicollis, 581

rufipes, 581

Dioctria, 499, 505-576

albicornis, 509, 514, 553

albius, 537, 539

banksi, 544

Dioctria, (continued),

baumhaueri, 519

(Bohartia) bromleyi, 530

brevis, 543

(Dioctria), 507, 513, 518

baumhaueri, 513, 517, 519, 553

henshawi, 517, 520, 521, 522, 553, 560,

563, 569

pleuralis, 517, 518, 520, 521, 522, 553,

559, 560, 563, 566, 567, 568, 569

pusio, 517, 518, 520, 521, 522, 553,

559, 560, 563, 565, 574

Seminole, 515, 553

vera, 517, 518, 520, 521, 522, 553, 569,

574

wilcoxi, 505, 517, 518, 520, 521, 522,

553, 569, 574

doanei, 540

(Eudioctria) albius, 539

f. aurifacies, 539, 540

f. xanthopennis, 539, 540

banksi, 544

beameri, 540

brevis, 543

doanei, 540

media, 541

monrovia, 542

nitida, 542

f. denuda, 542

propinqua, 540

sackeni, 544

sackeni rivalis, 544

tibialis, 544

flavipes, 517

henshawi, 517

longicornis, 544

longicornis var. tibialis, 544, 545

media, 541

(Metadioctria) rubida, 536

rubida atripes, 536

rubida nigripilosa, 536

(Nannodioctria) albicornis, 514, 515, 516,

519, 521, 553, 559, 560, 563, 565, 566,

567, 569

australis, 505, 514, 515, 516, 519, 521,

553, 559

Seminole, 514, 515, 516, 519, 521, 553,

559, 560, 563, 565, 566

(Neodioctria) albicornis, 514



XI

Dioctria (continued),

nitida, 542

parvula, 538

pleuralis, 517

propinqua, 540

pusio, 518

nibida, 535

rubidus, 536

sackeni, 544

sackeni f. rivalis, 544

(sensu latiore), 530

vera, 518

Dioctriini, 505, 506, 507, 509, 510, 51 1,

512, 513, 523, 536, 553

(sensu stricto), 505, 508, 51 1

Diodontus virginiana, 121

Diplocardia, 103

Diplocheila, 619

Diplopoda, 19

Diptera, 3-5, 59, 60, 95, 107, 1 1 1-1 13, 121,

129-142, 499,501, 505-576, 577-578

disjuncta, Eudioctria, 537, 538, 543, 544,

546, 547, 548, 553

disjunctus, Lestes, 83

dispar, Hygrotus, 84

dispar, Myelaphus, 528

dissimilis, Eudioctria, 509, 538, 541, 542,

545, 548, 549, 553, 571, 574

Ditomus, 582

Dixit, P. N., 8, 18

Dixus, 582

doanei, Dioctria, 540

Dioctria (Eudioctria), 540

Eudioctria, 537, 539, 541, 546, 547, 548,

553, 572, 575

doanei group, (Eudioctria), 537, 540, 547,

548

Doeksen, J., 26, 60, 61, 65

Dolichus, 582

dorsalis, Carabus, 580

Dougherty, J. H. (see Buescher, C. A.), 70, 9

Douglas, C. W. (see Frank, R.), 102, 104,

105, 108

Downe, A. E. R. (see Wallace, R. R.), 69, 95

dracaenae, Parthenothrips, 28

dragonfly, 99, 110

Drepanocladius aduncus, 7

1

Dromius, 582

Drosophila, 8, 18, 65

Drosophila, (continued),

melanogaster, 59, 67

Dryudella, 114

duck weed, 7

1

Duellman, W. E., 234, 238, 241, 617, 618,619

Dufour, L., 582

Duftschmid, C. E., 579, 581, 582, 583

Duggan, R. E.,(see Barry, H. C.), 76, 92

Duponchel, D. A. J., 584, 586

DuPorte, E. M., 10, 15, 17, 20, 21

Durham, J. W., 241

Dustman, E. H., 88, 93, 103, 104, 106, 107

Dyschromus, 595, 596

Dytiscidae, 81, 84, 88, 89, 90, 91, 245-498

Index to Generic Names, 497

Index to Keys, 497

Index to Species Names, 497

Dytiscus, 84

ooligbucki, 84

Eassa, Y. E. E., 60, 65

Eastham, L. E. S., 13, 14, 15, 16, 18, 20, 21

Eastop, V. F. (see Woodward, T. E.), 59, 64,

68

ebenius, Platynus, 6

Eberhardt, L. L., 86, 90, 93

Echinus esculentis, 100

Echium, 132

Echthodopa, 505, 506, 508, 510, 51 1, 512,

513, 523, 548, 549, 550, 551, 552, 553

carolinensis, 550, 551, 552, 553

formosa, 550, 551, 552, 553

pubera, 549, 550, 551, 552, 553, 559, 562,

565, 573, 575

Echthodopini, 505, 506, 507, 508, 509, 510,

51 1, 512, 513, 520, 523, 536, 538, 553

Echthopoda, 549

Echtodopa, 549

Echtopoda, 549

Eddy, C. 0.,28, 65

edule, Cordium, 100

edulis, Mytilis, 100

Edwards, C. A., 70, 88, 93, 98, 99, 103, 104,

105, 106, 108

Edwards, R. W., 69, 86, 93

Egan, H. (see Edwards, R. W.), 69, 86, 93

Eichelberger, J. W., Jr.,(see Breidenback, A. W.),

75, 92

Einfeldia pagana, 81

pectoralis, 81



Xll

Elateridae, 102

elatus, Carabus, 584

elevatus, Carabus, 169

elevatus, Scaphinotus, 169

Eller, L. L. (see Kennedy, H. D.), 69, 94

Ellipsoptera, 619

Elliptoleus, 594

Elodea, 101

elodes, Lymnaea, 78, 79, 90

elongata, Coptodera, 173, 177

elongatus, Dicaelus, 581

El Sayed, E. I., 102, 108

emarginata, Coptodera, 176

Emden, F. L, van, 149, 241, 509, 511, 555

emoryi, Quercus, 1 1

7

Enallagma civile, 82, 83

-Coenagrion, 82, 83

cyathigerum, 82, 83

hageni, 82, 83

encelioides, Verbesina, 116, 117

Enceladus, 583

gygas, 583

Endochironomus, 81

endomychids, 176

Engel, E. O. 513, 523, 555

equestris, Lygaeus, 502

Epomis, 583

ericeti, Carabus, 580

Ernst, K. -D., 63, 65

Erotidothrips, 65

Erotylidae, 154, 176

Erpobdella punctata, 81, 89

Erpobdellidae, 81, 82, 89, 90

Erwin, T. L., 593, 594

(see Ball, G. E.), 595, 616, 619, 621

esculentis. Echinus, 100

Estigmene acraea, 113, 115

Euchroina, 595

Eudioctria, 505, 506, 507, 508, 510, 511,

512, 513, 523, 537, 538, 545, 546, 547,

548, 549, 550

Eudioctria (continued),

denuda {conimuQd), 549, 553, 572, 575

disjuncta, 537, 538, 543, 544, 546, 547,

548, 553

dissimilis, 509, 537, 538, 541, 542, 545,

548, 549, 553, 571, 574

doanei, 537, 538, 541, 546, 547, 548, 553,

572, 575

media, 509, 537, 538, 541, 545, 547, 548

571, 574

Monrovia, 509, 537, 538, 541, 545, 548

549, 553, 571, 574

nitida, 537, 539, 542, 545, 548, 549, 553,

572, 575

propinqua, 538, 539, 540, 541, 545, 548,

549, 554, 571, 574

sackeni, 537, 538, 543, 544, 546, 547,

548, 554, 559, 565, 573, 575

tibialis, 537, 538, 543, 544, 546, 547, 548,

554, 564

unica, 537, 538, 543, 545, 548, 549, 553,

554, 556, 566, 572, 575

Eudiptera, 4

Euoplothrips, 28

Eurycoleoids, 143, 153, 154, 171-172

Eurycoleus, 143, 152, 153, 154, 156, 172,

174, 175-176, 242

macularis, 173, 177

Eurydera, 145, 148, 156

lugubrina, 150

eurynotus, Carabus, 580

Evans, H. E., 114, 122, 123, 124, 126, 621

Evans, J. W. (see Woodward, T. E.), 59, 64, 68

Evans, W. G., 499, 587-589, 621

Evarthrus, 596

Exoprosopa, 121

Fabre, J. H. 122, 126

Fabricius, J. C., 169, 241, 579, 580, 581, 582,

583, 584, 585

Fallugia paradoxa, 116, 117

fasciatopunctata, Coptodera, 175

albius, 537, 538, 539, 540, 541, 545, 548, fasciatopunctatus, Carabus, 583, 585

549, 553, 559, 560, 562, 564, 565, 566, fasciatus, Aeolothrips, 60, 62

567, 568, 571, 574 fasciolatus, Carabus ( = Buprestis connexus),

beameri, 537, 538, 540, 546, 547, 548, 585

553 Fattig, P. W., 215, 241

brevis, 537, 538, 543, 546, 547, 548, 553, fedorovi, Taeniothrips, 65

559, 573, 575 Fernald, H. T., 1 1 5, 1 26

denuda, 537, 539, 542, 543, 545, 548, Feronia, 586, 594
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Feronia, (continued),

lacertosa, 584

navarica, 584

robusta, 584

Ferris, G. F„ 8, 1 1, 15, 18, 20, 21

ferrugineus, Carabus, 580

Ferus, 162

quadricolUs, 143, 162

fervida, Mooreobdella, 81

festivus, Carabus, 581

flavicincta, Thereva, 576

flavicornis, Carabus, 582

flavipes, Carabus, 579

flavipes, Dioctria, 5 1

7

Flickinger, E. L., 98, 99, 108

Foehrenbach, J., 88, 93, 99, 103, 108

Formicidae, 67

formosa, Echthodopa, 550, 551, 552, 554

Foudia sakalava, 155

Fourcroy, A. F., 585

Fox, A. C. (see Hannon, M. R.), 98, 108

Frank, R. 102, 104, 105, 108

Frankliniella fusca, 25-68

tritici, 28, 61, 62, 68

Franklinothrips, 55

Fraxinus velutina, 1 17

Fredeen, F. J. H., 69, 70, 76, 93, 102, 108

Frey, P. J., 69, 93

frontalis, Rhantus, 84

Fuhriman, D. K. (see Bradshaw, J. S.), 76, 92

fuliginosus, Carabus, 579

fulva, Mytilaspis, 59

fulvus, Carabus, 580

fungi, 175

furculifer, Cyrtolaus, 591, 598, 599, 600,

602, 605, 606, 608, 609, 610, 611, 612,

613, 615, 617, 618

fusca, Frankliniella, 25-68

fusca, Helobdella, 81

fuscipes, Carabus, 580

Gabouriaut, D., 62, 63, 67

gagates, Alpaeus, 580

Gambusia affinis, 99, 101

Gammarus, 99, 100

Gaskin, L. J. R, 579, 586

Gastropoda, 77, 78, 79, 89, 90, 91

Gaul, J. A. (see Barry, H. C.), 76, 92

geniculata, Phloeoxena (Oenaphelox), 157,

166, 182, 206, 207, 208, 209, 210, 212,

geniculata, Phloeoxena (Oenaphelox), (continued),

213, 214, 227, 229, 231, 232, 233, 235

Gerlach, A. R. (see Terriere, L. C.), 98, 1 10

Germar, E. F., 579, 584, 586

gibbus, Scarites, 583

Gillaspy, J. E., 121, 126

Gish, C. D., 88, 93, 103, 108

glabrata, Biomphalaria, 93

Glanodes, 239

Glossiphonia complanata, 8

1

Glossiphoniidae, 81, 82, 89, 90, 104

Glyptotendipes, 80, 81, 90

Gnatzy, W. (see Schmidt, K.), 63, 66, 67

Godsil, P. J., 98, 108

Goeze, J. A. E., 580

goldeye, 102

goldweed, 1 17

gorodkovi, Dialineura, 511

,

578

Gouin, F., 60, 66

Goulet, H. 234, 238, 241, 617, 619, 621

graminis, Haplothrips, 28, 43

graphiptera, Phloeoxena (Phloeoxena), 199,

201

graphiptera var. limbicollis, Phloeoxena (Phloe-

oxena), 143, 199

Graphoderus, 84

occidentalis, 84

perplexus, 84

Grasse, P. P., 61 , 66

grasshopper, 121, 123

grass shrimp, 99

Graves, J. B. (see El Sayed, E. E), 102, 108

Green, R. S., 70, 94

Greichus, Y. A. (see Hannon, M. R.), 98, 108

Griffiths, G. C. D., 3-5, 129-142

grumufer, Cyrtolaus, 591, 598, 599, 600, 602,

604, 606, 608, 609, 610, 611,612, 613,

615, 617, 618

Grundmann, E. (see Basilewsky, P.), 581, 585

Gryllidae, 63, 66, 67

Gryllus bimaculatus, 63, 66, 67

Grzenda, A. R., 69, 94

Guerin, F. E., 583, 586

Gunnerson, G. C. (see Green, R. S.), 70, 94

Gunther, F. A. (see Westlake, W. E.), 70, 71,

96

guppy, 95, 1 10

guttatus, Pericalus, 150

gygas, Enceladus, 583



XIV

Gynaikothrips uzeli, 28

Habu, A., 147, 152, 154, 156, 166, 169,

171, 176, 241

Hackelia, 133, 134

americana, 134

haemorroidalis, Heliothrips, 65

Haga, K., 26, 55, 58, 66

hageni, Enallagma, 82, 83

halensis, Carabiis, 582

Halffter, G., 617, 619

Hall, T. F. (see Wojtalik, T. A.), 88, 96, 100

Hamelink, J. L., 104, 105, 106, 108

Hanks, A. R. (see Petrocelli, S. R.), 104, 109

Hannon, M. R., 98, 108

Hansen, D. J. (see Booth, G. M.), 104, 107

Hansen, W., 147, 153, 241

Hanseniella agilis, 1

9

Hanstrom, B.,10, 18

Haplothrips gmminis, 28, 43

niger, 66

statices, 60, 62

verbasci, 25-68

hardwickii, Catascopus, 166

Harpalinae, 148, 240, 619

Harpalini, 153, 239, 241, 242, 619

Harpalus, 239

corsicus, 584

decipiens, 582

Harrison, R. B. (see Davis, B. N. K.), 99, 102

107

harti, Ammophila, 124

Hartland-Rowe, R. 74, 94

Hartman, C. 114, 122

Hartmann, C. G., 126

Hatfield, C. T., 69, 94

Hayat, M. A., 243, 244

Hearle, J. W. S., 28, 66

Hedgpeth,! W., 11, 18

Heleomyzidae, 5

Heleomyzinae, 5

Helianthus petiolaris, 116,117

Heliothripinae, 64

Heliothrips haemorrhoidalis, 65

Heliotropium, 132

heliopioides, Carabus, 584

Helisoma atopodonta, 79

trivolvis, 78, 79, 90

hellgrammite, 99

Helluo, 583

Helluo (continued),

costatus, 583

Helluonini, 153, 242

hellwigii, Carabus, 580

Helm, J. M. (see Moubry, R. J.), 99, 109

Helobdella fusca, 81

stagnalis, 81, 90

Helodrilus, 103

Hemimetabola, 16

Heming, B. S., 25-68, 501-502

Hemiptera, 68, 77, 99

hemipteroids, 61, 66, 67

Henke, C. F. (see Breidenback, A. W.), 75, 92

Hennig, W., 4, 60, 61, 66, 222, 241, 506, 507, 509

51 1, 555, 593, 619

henshawi, Dioctria, 517, 560

henshawi, Dioctria (Dioctria), 517, 520, 521,

522, 553, 569

Herbst, J. F. W., 583, 584

herculeano, Phloeoxena (Tacana), 143, 157,

180, 182, 183, 184, 185, 202, 224, 227,

229, 231, 232, 233, 235

herculeano, Tacana, 181

Hering, E. M., 130, 137

Hershkovitz, P., 235, 238, 241, 618, 619

Heteroptera, 61, 64, 67

Heterothripidae, 54, 55, 60, 64

Hickey, J. J., 70, 94, 98, 108

Hicks, C. H., 122, 124, 126

Hill, L. O. (see Wojtalik, T. A.), 88, 96

Hippuris vulgaris, 71

hirsuta, Podalonia, 122

Hirudinea, 76, 79, 81, 82, 89, 90, 91

Hirwe, A. S. (see Kapoor, I. P.), 108
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Menzie, C. M., 70, 95

Merothripidae, 54, 55, 60, 64, 65

Merothrips morgani, 54

Mertensia, 133, 135, 136

paniculata, 131, 134, 135, 136, 141, 142
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Monarda pectinata, 1 17
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573, 575

melas, 528, 529, 553

rufus, 528

Myiomorpha, 4

myosotica, Phytomyza, 129, 130, 131, 133

136

Myosotidae, 130

Myosotis, 131, 132, 133
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Olivier, A. G., 582, 585

Omaseus, 583

Omphalodes, 132

O’Neill, K. (see Mound, L. A.), 65
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petiolaris, Phytomyza, 129, 130, 131, 132,

134, 135, 136, 141

Petrocelli, S. R., 104, 109

Pfefferkorn, G. E., 589

Phasmida, 18

Phellini, 507

Philophloeus, 145

Phlaeothripidae, 25, 26, 28, 45, 54, 55, 58, 60,

61, 63, 64, 66

Phlaeothrips coriaceous, 60, 62

Phloeotherates, 143, 153, 155, 162, 163

chaudoiri, 158

nigropiceus, 162

Phloeoxena, 113, 143-242,619

''Africanae spuriae'' species group, 179

(Oenaphelox)

geniculata, 157, 166, 206, 207, 208, 209,

210, 212, 213, 214, 227, 229, 231,

232, 233, 235

hoegi, 215

maculicollis, 215

pluto, 206, 207, 210, 212, 213, 227, 229,

231, 232, 233, 235

signata, 206, 208, 209, 210, 212, 213,

214, 215, 216, 217, 218, 219, 220,

226, 227, 229, 231, 232, 233, 234,

235

var. collaris, 2 1

5

hoegi, 221

nigripennis, 2 1

5

signata, 221

undata, 157, 180, 206, 207, 208, 209,

Phloeoxena (continued),

undata (continued), 210, 211, 212, 213,

227, 229, 231, 232, 233, 235

undulata, 208

(Phloeoxena), 153, 180, 184, 235, 236, 237

costata, 182, 184, 187, 191, 192, 193, 222,

225, 227, 229, 231, 232

dealata, 181, 187, 188, 189, 191, 192, 193,

225, 227, 229, 231, 232, 238

graphiptera, 199, 201

xsLT. limbicollis, 143, 199

imitatrix, 180, 188, 189, 190, 191, 192,

193,225,227,229, 231,232,234

limbicollis, 181, 194, 195, 196, 198, 199,

202, 203, 204, 224, 226, 227, 229, 231,

232

megalops, 181, 193, 195, 198, 199, 223,

224, 226, 227, 228, 229, 231, 232, 233

chiriquina, 181, 195, 198, 202, 203,

204, 205

erwinorum, 143, 181, 194, 197, 198,

202, 203, 204

megalops, 181, 194, 196, 198, 202,

203, 204

montana, 152, 181, 187, 188, 191, 192,

193, 222, 225, 227, 229, 231, 232, 238

nigricollis, 143, 181, 194, 195, 196, 198,

199, 200, 202, 203, 204, 224, 226, 227,

229, 231, 232

picta, 143, 178, 184, 186, 190, 195, 198,

199, 201, 202, 203, 204, 223, 224, 226,

228, 229, 233, 234, 237, 238, 239

apicalis, 143, 181, 186, 200, 201, 202,

203, 204, 205, 226, 227, 229, 231,

232

batesi, 143, 181, 186, 195, 199, 200,

201, 202, 203, 204, 205, 226, 227,

229, 231, 232, 233

franiae, 143, 181, 195, 198, 199, 200,

201, 202, 203, 204, 205, 226, 227,

229, 231, 232

picta, 181, 186, 195, 199, 200, 201,

202, 203, 204, 205, 226, 227, 229,

231, 232

unicolor, 157, 181, 186, 200, 202, 203,

204, 205, 224, 226, 227, 229, 231,

232, 233

plagiata, 180, 188, 189, 191, 192, 193, 225,

227, 229, 231, 232
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Phloeoxena (continued),

(Phloeoxena)

portoricensis, 182, 188, 189, 190, 191

192, 193, 225, 227, 229, 231, 232,

238,

picta, Phloeoxena (Phloeoxena) (continued),

picta, 181, 186, 195, 199, 200, 201, 202,

203, 204, 205, 226, 227, 229, 231, 232

unicolor, 157, 181, 186, 200, 202, 203, 204,

205, 224, 226, 227, 229, 231, 232, 233

schwarzi, 143, 182, 184, 186, 187, 188, pictipennis, Ammophila, 124

189, 190, 191, 192, 193, 222, 223, Pieris brassicae, 65

225, 227, 228, 229, 231, 232, 233,

234, 237, 238

''species verae"\ 179

unicolor, 143, 200

(Tacana) herculeano, 143, 157, 180, 182,

183, 184, 185, 186, 202, 224, 227, 229,

231,-232, 233, 235

Phoromorpha, 4

Phthiraptera, 61

phyllodes, Mormolyce, 148, 151

Physa, 101

physapus, Thrips, 60, 62, 67

Phytomyza, 113, 129-142

atricornis, 137

rapae, 13, 16, 18

pike, northern, 102

Piller, M., 579

Pillmore, R. E. (see Rudd, R. L.), 70, 98

pipiens, Culex, 88

quinquefasciatus, 101

plagiata, Phloeoxena (Phloeoxena), 180, 188,

189, 191, 192, 193, 225, 227, 229, 231, 232

planiceps, Metaphragma, 576

plankton, 98, 102

Planorbidae, 88, 89

Platynella, 595, 596

Platynus, 6, 154, 584, 593, 594, 595, 619

consularis, 6

beringiana, 129, 130, 131, 132, 135-136, 140 convexulus, 6

lithospermi, 129, 130, 131, 132

mertensiae, 129, 130, 131, 132, 134, 135,

136, 139

myosotica, 129, 130, 131, 133, 136

nowakowskiana, 129, 130, 132

obscura, 129, 137

ovalis, 130, 131, 132, 133-134, 135, 136,

138, 141

petiolaris, 129, 130, 131, 132, 134-135,

136, 139, 141

pulmonariae, 129, 130, 131, 132

symphyti, 129, 130, 131, 132, 135, 137

syngenesiae, 134

Picard, F. 122, 127

piceus, Scarites, 584

picipes, Carabus, 579

picta, Phloeoxena (Phloeoxena), 143, 178,

184, 198, 199, 202, 203, 204, 223,224,

226, 233, 234, 237, 238, 239

apicalis,\^3, 181, 186, 200, 201, 202, 203,

204, 205, 226, 227, 229, 231, 232

batesi, 143, 181, 195, 199, 200, 202, 203,

204, 205, 226, 227, 229, 231, 232, 233

franiae, 143, 181, 195, 198, 199, 200, 201,

202, 203, 204, 205, 226, 227, 229, 231,

232

group, 233, 234, 235

ebenius, 6

porrectus, 6

teter, 6

tinctipennis, 6

tlamayensis, 7

wrightii, 117

Platysma, 584

Plenoculus davisi, 114, 127

pleuralis, Dioctria, 517, 553

(Dioctria), 517, 518, 520, 521, 522, 559,

560, 563, 566, 567, 568, 569

pluto group, Phloeoxena, 206, 233, 235

pluto, Phloeoxena (Oenaphelox), 182, 206,

207, 210, 212, 213, 224, 227, 229, 231,

232, 235, 237

Poa pratensis, 1 1

Podalonia, 123, 126, 127

affinis, 122

atrocyanea, 122

caucasica, 122

chalybea, 122

communis, 122, 124

hirsuta, 122

luctuosa, 122, 124, 126

nigrohirta, 122

robusta, 122, 124

tydei, 122
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Podalonia (continued),

valida, 113-127

violaceipennis, 1 22, 1 24, 1 26

Podocarpus, 208

Podonosma, 132

Poecilus, 585

Pogonomyrmex, 117, 118

poguras, Cancer, 100

Poisson, R., 64, 67

Polistichus, 585

politum, Trypoxylon, 126

pompiliformis, Notogonia, 127

Pontoppidan, E., 580

Poodry, C. A., 59, 67

Populus balsamifera, 1 1

porrectus, Platynus, 6

portoricensis, Phloeoxena (Phloeoxena), 182,

188, 189, 190, 191, 192, 193, 222, 225,

227, 229, 231, 232, 238

Postlethwait, J. H., 60, 67

Potamogeton pectinatus, 71

Potts, G. R. (see Robinson, J.), 88, 93, 99,

106, 110

Powell, J. A. 121, 127

prasinus, Carabus, 580

pratensis, Poa, 71

Psectrotanypus, 81

Pseudococcidae, 60

Pseudococcus, 66

Pseudomaseus, 583

Pseudomorphini, 240

Psilocephala variegata (sensu latiore), 577

Psocoptera, 61, 65

Psylla buxi, 59, 68

Psyllidae, 59, 63

Pterostichi, 593, 616

Pterostichina, 593, 594, 595

Pterostichini, 147, 153,499, 591-619

Pterostichus, 585, 594, 595, 600, 605

(Gastrellarius) honestus, 594

(Ithytolus), 599

anomalus, 600, 605

orizabae, 600, 605

lobipennis, 607

(Ophryogaster) anomalus, 600

pubera, Echthodopa, 549, 550, 551, 552, 554,

559, 560, 565, 573, 575

pubidorsus, Prionyx, 1 24

pulchrum, Dicolonus, 505, 524, 525, 526, 527,

553

pulmonariae, Phytomyza, 129, 130, 131, 132

punctata, Erpobdella, 81, 89

Priesner, H., 26, 39, 54, 55, 60, 61, 62, 64, 61purpuratus, Dicaelus, 581

Prionyx atratus, 122

parkeri, 124

pubidorsus, 124

thomae, 1 22

Pristolomus, 143, 153, 156, 162

dentifer, 158, 162

Pristonychus, 583

complanatus, 583

Pristosia, 594

Pristosiae, 593

Pristosiina, 594, 595

procera, Ammophila, 121

Procrustes, 585

Proctacanthus, 507

propinqua, Dioctria, 540

(Eudioctria), 540

propinqua, Eudioctria, 538, 539, 540, 541

545, 548, 549, 553, 571, 574

Prosphodrus, 593

Protozoa, 501

Psammophila, 126

Psectrocladius, 81

pusio, Dioctria (Dioctria), 517, 518, 520, 521,

522, 553, 559, 560, 562, 563, 565, 574

quadricollis, Ferus, 143, 162

quadricollis, Stenognathus (Stenognathus),

143, 158, 160, 162, 164

quadrimaculatus, Carabus, 581, 582

Quercus emoryi, 1 1

7

radiata Rohd., Architipula, 5

Rana temporaria, 93

Rangia cuneata, 1 09

rapae, Pieris, 13, 16, 18

Raphidioidea, 60

Rau, N. (see Rau, P.), 1 2 1 ,
1 24, 1 27

Rau, P., 121, 124, 127

Razvyazkina, G. M. (see Lange, A. B.), 55, 66

redhorse, northern, 102

Refonia, 594

Reichardt, H., 153, 166, 169, 174, 175, 176,

242, 51 1, 556, 595, 619,621

Reiche, E., 175, 242

Reinert, R. E., 88, 95, 105, 109

Rempel, J. G., 7-25
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resolutum, Coenagrion, 82, 83

resplendens, Metadioctria, 535, 538

reticulatus, Lebistes, 95, 110

Reyne, A., 55, 60, 63, 64, 67

Rhadine, 145

Rhagio, 51 1

orestes, 576

Rhagionidae, 5 1

1

Rhantus, 84

consimilis, 84

frontalis, 84

wallisi, 84

Rhicciocarpus natans, 71

rhombicus, Limnephilus, 99, 100

ricardo, Cyrtolaus, 591, 597, 598, 599, 600,

602, 603, 606, 608, 609, 611, 613, 615,

617, 618

Ricardo, G., 514, 556

rice, 108

Richards, O. W., 114, 127

Richardson, A. (see Robinson, J.), 99, 100,

106, 110

Rippee, K. P. (see Bradshaw, J. S.), 76, 92

Risebrough, R. W.,'t02, 110

Risler, H., 26, 58, 60, 61, 62

robber flies, 554, 555

Robinson, J., 88, 93, 99, 100, 106, 1 10

robusta, Feronia, 584

robusta, Podalonia, 1 22, 1 24

Rohdendorf, B. B., 3-5

Romoser, W. S., 8, 1

8

Roonwal, M. L„ 12, 18, 20, 21

Rondani, C., 577

Rosen, J. D. (see Khan, M. A. Q.), 103, 104,

109

Rosenberg, D. M., 69-96, 97-1 10

Ross, H. H., 234, 235, 238, 242

Rossi, P., 581, 582, 583, 584

rostrata, Carex, 71, 74, 85

rotundatus, Carabus, 579

rotundicollis, Dinodes, 581

Rousseau, E., 148, 242

Roussel, J. S. (see Newsom, L. D.), 28, 61

Royer, L. M. (see Fredeen, F. J. H.), 70, 76,

93, 102, 108

rubida atrip es, Dioctria (Metadioctria), 536

rubida, Dioctria, 535

(Metadioctria), 536

rubida, Metadioctria, 535, 536, 553, 559, 560,

rubida, Metadioctria (continued), 563, 565,

566, 567, 568, 570, 574

rubida nigripilosa, Dioctria (Metadioctria), 536

rubidus, Dioctria, 536

rubrocinctus, Selenothrips, 28

rufipes. Dinodes, 581

Rudd, R. F., 70, 95, 98, 110

rufus, Myelaphus, 528

Runnels, J., 109

Sabienus, 582

saccharina, Lepisma, 18

sackeni, Dioctria, 544

(Eudioctria), 544

sackeni f. rivalis, 544

sackeni rivalis, 544

sackeni, Eudioctria, 537, 539, 543, 544, 546,

547, 548, 553, 565, 573, 575

group, 537, 543, 544, 547, 548

Sago pondweed, 71

Saha, J. G. (see Fredeen, F. J. H.), 70, 76, 93,

102, 108

sakalava, Foudia, 155

Salonen, F. (see Vaajakorpi, H. A.), 85, 86, 87,

88, 89, 95, 97, 1 10

Saltatoria, 66, 67

Samouelle, G., 579, 582, 586

Sanborn, J. R.
, 101, 110

Sanders, FI. O. (see Johnson, B. T.), 88, 89, 94,

95, 97, 105, 106, 108

Sangha, G. K. (see Metcalf, R. L.), 101, 109

sapiens. Homo, 500

saugers, 102

Saunders, C. R. (see Johnson, B. T.), 88, 94,

97, 105, 106, 108

Savage, J. M., 234, 242

Saxifragaceae, 137

sayi, Hygrotus, 84

Scaphinotus elevatus, 169

Scarabaeidae, 103

Scarites bucephalus, 582

calydonius, 582

cyaneus, 580

dama, 582

depressus, 584

gibbus, 583

marginatus, 584

piceus, 584

sphaerocephalus, 582

thoracicus, 583
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Scaritini, 242, 619

Scaurus sulcatus, 582

Sceliphronini, 1 26

Scenedesmus obliquus, 95, 109

Scenopinidae, 506

Schafer, R., 59, 67

Schaller, J. G., 582, 584

Schaupp, F. G., 215, 242

Schiner, J. R., 556

Schi0dte, J. C., 580

Schizogenius, 242, 619

Schmidt, K., 63, 66, 67

Schmidt-Goebel, H. M., 582

Schmulbach, J. C. (see Kawatski, J. A.), 88,

94, 104, 106, 108

Schneider, D., 60, 61, 62, 63, 67

Schneiderman, H. A. (see Poodry, C. A.), 59,

67

(see Postlethwait, J. H.), 60, 67

Scholl, G., 8, 12, 15, 16, 17, 18, 20, 21

schwarzi, Phloeoxena (Phloeoxena), 143, 181

184, 186, 187, 188, 189, 190, 191, 192,

193, 222, 223, 225, 227, 228, 229, 231,

232, 233, 234, 237, 238

group, 238

Scirpus decoratella, 79

validus, 71

scrobiculatus, Carabus, 580

Scrophulariaceae, 39

Scudder, G. G. E., 8, 18

sculptilis, Colymbetes, 84

sea urchin, 1 00

sedges, 71

Sehgal, V. K., 129, 137

Seidlitz, G. von, 169, 242

Sekhon, S. S. (see Slifer, E. H.), 28, 61, 62,

63, 68

Selenothrips mbrocinctus, 28

Seminole, Dioctria (Dioctha), 515

(Nannodioctria), 514, 516, 519, 521, 553,

559, 560, 563, 565, 566

serniscidatus, Acilus, 84

senecta, Bohartia, 505, 530, 532, 533, 534,

535, 553

sericeum, Oxybelus, 126

Sericoda, 594

Serville, J. G. A., 584

sexpunctatus, Carabus, 579

Sharov, A. G., 11, 17, 18, 19, 21

shellfish, 99

Slump, N. F. (see Leland, H. V.), 103, 109

Shuckard, W. E., 114, 127

Sialis,99, 100

Slewing, R., 10, 15, 16, 18

signata, Coptodera, 205, 213

signata, Oenaphelox, 180, 182, 223, 237

signata, Phloeoxena (Oenaphelox), 206, 208,

209, 210, 212, 213, 214, 215, 216, 217,

218, 219, 220, 226, 227, 229, 231, 232,

233, 234, 235

var. collaris, 2 1

5

group, 206, 207, 209, 223, 233, 235

hoegi, 221

var. nigripennis, 2 1

5

signata, 221

Silphidae, 63

silvaticLis, Pauropiis, 1

9

Silvestri, F., 12, 18

simplex, Dicolonus, 524, 525, 526, 527, 553,

;, 559, 561, 565, 573, 575

simplex, Taeniothrips, 28

Simpson, G. G., 523, 555

Simuliidae, 95

Simulium vittatum, 99, 100

Singilini, 147, 155, 169, 242

Singilis, 169

Sinurus, 145

Siphonaptera, 60

Skerrett, E. J., 76, 95

Skrinde, R. T.,(see Buescher, C. A.), 70, 93

Slifer, E. H., 28, 61, 62, 63, 67, 68

slugs, 102, 103, 104

Smart, J., 8, 17, 19

Smith, C. E. (see Newsom, E. D.), 28, 67

Smith, D. J. (see Breidenback, A. W.), 75, 92

snail, 101, 103, 104

Snodgrass, R. E., 7, 9, 10, 1 1, 15, 16, 19, 20,

21, 58, 59, 60, 61, 68

Somotrichini, 147, 169, 242

somotrichoids, 143, 153, 155, 169

Somotrichus, 143, 147, 152, 153, 155, 169,

unifasciatus, 152, 154, 169, 170

vadoni, 169

Sparrow, J. T. (see Hearle, J. W. S.), 28, 66

sparsipilosum, Dicolonus, 504, 524, 525, 526,

527, 553

"''species verae'\ Phloeoxena, 179

speciosus, Sphecius, 127
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Sphaerium, 89

sphaerocephalus, Scarites, 582

Sphecidae, 113-127

Sphecinae, 126

Sphecini, 126

Sphecius speciosus, 114, 127

Sphecoidea, 126

Sphex, 114, 121

tepanecus, 121, 126

Sphodri, 593

Sphodrides, 586

Sphodrina, 594, 595

Sphodrus venustus,nomen nudum ( = Pristo-

nychus venustus), 583

spinicauda, Cyrtolaus, 591, 598, 599, 600,

601, 603, 606, 607, 609, 610, 611, 613,

615, 616, 617

spinipes, Blaps, 584

spinosior, Opuntia, 117

spoliatus. Carabus, 581

stagnalis, Helobdella, 81

stagnalis, Lymnaea, 77, 78, 85, 88, 90, 104

Stannard, L. J., 58, 64, 68

Stanton, R. H. (see Khan, M. A. Q.), 103,

104, 109

Staphylinidae, 102, 609

statices, Haplothrips, 60, 62

Steiner, A. L., 113-127

Steinmann, H., 8, 19

Stenoglossa, 143, 152, 153, 156, 163, 171,

172, 177, 194

lineata, 172, 173, 174

variegata, 172

Stenognathus, 143, 152, 153, 155, 156, 159-

161, 162, 163, 166

chaudoiri, 143, 162, 163, 164

dentifer, 162, 164

quadricollis, 143, 162

(Stenognathus), 143, 153, 155, 161-162

quadricollis, 158, 160, 164

Stenopogon inquinatus, 576

Stenotelus, 145

Sternorrhyncha, 61

Shekel, L. F., 70, 88, 93, 95, 103, 104, 106,

108, 110

Stomina, 595

Stone, A., 577, 578

Straneo, S. L., 171, 242

Streblomorpha, 4

striatus, Labocephalus, 151

striola, Carabus, 579

striolatus, Carabus, 579

subaeneus, Illybius, 84

subappendiculatus, Thyreopterus, 180

subeyaneus, Carabus, 583

subeyaneus, Oreodicastes, 158, 160

subeyaneus, Oxyglossus, 156

subiridescens, Cyrtolaus, 591, 598, 599, 600,

601, 603, 606, 607, 608, 609, 612, 613,

615, 616, 617, 618

suckers, longnose, 102

white, 102

sulcatus, Scaurus, 582

Sutherland, D. J. (see Khan, M. A. Q.), 103,

104, 109

sylvatica, Myosotis, 131

Sympetrum costiferum, 82

internum, 82

Symphoromyia, 511, 576

Symphyla, 14

Symphyta, 60

symphyti, Phytomyza, 129, 130, 131, 132,

135, 137

Symphytum, 130, 132

syngenesiae, Phytomyza, 137

Synuchi, 593

Synuchina, 594, 595

Syrphidae, 556

tabaci, Thrips, 68

Tabanidae, 511, 555

Tabanomorpha, 506, 507

Tacana, 143, 152, 153, 155, 156, 180, 182,

223, 228, 233, 235, 236, 237

herculeano, 181, 182-183

Tachalus, 594

Tachymenis, 194

Tachysphex, 1 14, 1 17, 121, 124, 125, 127

terminatus, 121

Tachytes, 114

tadpoles, 93

Taeniothrips fedorovi, 65

simplex, 28

Tarzwell, C. M., 70, 95

temporaria, Rana, 93

Tendipes, 88

Tenebrio, 16, 19

molitor, 19
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tentans, Chironomus, 105, 107

tenuis, Bohartia, 505, 530, 533, 534, 535,

553

tepanecus, Sphex, 121, 126

Terebrantia, 26, 63, 67

terminatus, Tachysphex, 121

Termitoxeniomorpha, 4

terrestris, Lumbricus, 105

ferricola, Carabus, 583, 584

Terriere, L. C, 98, 110

teter, Dicaelus, 581

teter, Platynus, 6

Tetragoneuria, 1 1

0

thapsus, Verbascum, 28

Thereva flavicincta, 576

Therevidae, 499, 506, 507, 577-578

Thermobia, 12

Theromyzon, 81

thomae, Prionyx, 122

Thompson, A. R., 70, 93, 103, 108

thoracicus, Scarites, 583

Thorpe, W. H., 13, 19

Thripidae, 25, 26, 28, 54, 55, 60, 61, 63-66,

68

Thripinae, 64

thrips, 63, 64, 65, 66, 67, 68

red clover, 66

tobacco, 66, 67

Thrips physapus, 60, 62, 67

tabaci, 68

Thunberg, G., 580

Thurman, E. B., 9, 19

Thyreopterides, 147, 159, 240

Thyreopterinae, 147, 148

thyreopterines, 143, 148

Thyreopteritae, 147

thyreopteroids, 143, 153, 154, 156

Thyreopterus, 145, 156

subappendiculatus, 1 80

Thysanoptera, 25, 26, 54, 55, 60, 61, 63, 64,

65, 66, 67, 68

Thysanotini, 147

Thysanura, 18, 61

tibialis, Alpaeus, 580

tibialis, Dioctria (Eudioctria), 544

tibialis, Eudioctria, 537, 538, 543, 546, 547,

548, 554, 564

Tiegs, O. W., 8, 14, 15, 17, 19, 20, 21, 60, 67

tiger beetles, 1 54

tinctipennis, Colpodes, 6

tinctipennis, Platynus, 6

Tipulidea, 5

Tipulomorpha, 4

tlarnayensis, Platynus, 6

torridus, Carabus, 580

Trialeurodes vaporariorum, 59

Triboleum castaneum, 1 54

Trichodesma, 132

Trichophthalma lundbecki, 576

Trichoptera, 60, 89, 93, 242

triscula, Lemna, 71, 74, 85

tritici, Frankliniella, 28, 61, 62, 68

trivolvis, Helisoma, 77, 78, 79, 88,90

trout, brook, 105

truncatellus, Carabus, 582

Truncatipennes, 241, 593
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Editorial

With sorrow, I record in these pages of Volume 1 1 that Brian Hocking, founder and first

editor of this journal is with us in spirit, only. His time as a living mortal ended on May 23,

1974. His last bed-ridden days were devoted to writing and to visits with the members of

his family and his friends including colleagues and students. How intensely he suffered we

will never know, for his courage and interest in life sustained him, and even as his last bit of

strength ebbed, he completed an advanced draft of a biology textbook that he had wanted to

write. Thus, his thoughts were of life, even as the specter of death loomed large. We have no

record of self-pity, no words of bitterness or disappointment. If Brian Hocking felt these

emotions, he did not share them with his associates. He left us, knowing that he had done his

best in all things, and that we would try to follow his example. We can do no less. So it is

that I take up his pen officially, as the second editor of Quaestiones Entomologicae. Though

the editorial section will lack the wit, brilliance, and clever turn of phrase that characterized

Brian’s writing, the main body of the publication will be of the same high level as was achieved

during the days of his editorship. To this end, I wish to state a few points of editorial policy,

and to explain a few changes.

First, is the matter of policy. As previously, we will accept papers on all aspects of entomol-

ogy. Overall, we prefer comprehensive treatments of subjects: results of original research; ex-

tensive, analytical book reviews; and broadly based comprehensive and critical reviews of the

literature dealing with various aspects of entomology. We want extensive and intensive system-

atic treatments of any group of insects — but not unintegrated collections of descriptions of

new taxa. We prefer that the integration be in terms of phylogenetic and zoogeographic con-

siderations, but we will accept good Adansonian-type treatments. We will make exceptions.

Being in western Canada, we have a special obligation to extend knowledge of the poorly

known local fauna. Thus, for this part of the world, we will consider simple descriptive treat-

ments, but preferably extensive ones.

As in the past, all submitted manuscripts will be examined by competent reviewers, prior



to acceptance for publication. In the last issue of each volume, names of reviewers will be

listed as a public, formal acknowledgement by the editor.

We regret that page charges have to be levied. This is mainly because our list of subscribers

continues to be short, so income is restricted. We also regret that prices have had to be increased,

and that they will have to be increased still more, so long as inflation continues to erode the

buying power of money.

Examination of the cover of this issue will reveal that the “Quaestiones entomologicae”

has been replaced by “Quaestiones Entomologicae”. We are departing from the “World List”

style of reference citation, and hence from its type of notation. It takes little extra space to

provide bibliographic citations with the name of the journal spelled out fully, rather than in

abbreviated form. This additional information can make easier the task of finding a given paper,

should one wish to locate a listed citation.

We are also abandoning the use of Roman numerals as a designation for each volume, and

using instead arabic numbers. This is hardly in keeping with our Latin title, but we expect

to be publishing for a long time, and in the year 2041 it will be easier to think of and write

“Volume 77” than “Volume LXXVII”. So much for editorial housekeeping.

This journal is fortunate to count among its contributors Dr. J. G. Rempel, author of the

first major paper in this volume, and one of the distinguished biologists of Canada. Now re-

tired from his long career of teaching and research, in the Department of Biology, University

of Saskatchewan, Dr. Rempel and his wife Greta continue to enjoy life among friends of

many years, in Victoria, British Columbia. Dr. Rempel’s daily round of activity includes study

of insect embryos, and from this research and his extensive knowledge of the literature comes

his masterful synthesis “The Insect Head: the endless dispute”. I am sure the spirit of Brian

Hocking is pleased that his “Quaest. ent.” contains this paper, for it is the quintessence of the

sort of publication that he valued, and at a more personal level, he valued Dr. Rempel as a

scientist and friend.

George E. Ball
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Book Review

ROHDENDORF, B. B. 1974. The Historical Development of Diptera (English Edition). Uni-

versity of Alberta Press, Edmonton, xv + 360 pp. 85 figures. Size 9 inches by 6 inches, cloth

covers. Price: $13.50 Canadian, postage free. (Translation of Russian Edition published by

“Nauka” as Volume 100, Transactions of the Institute of Paleontology, Academy of Sciences

of the USSR, Moscow, 1964).

I find it difficult to review this work as 1 disagree fundamentally with some of the author’s

methods and principles. Rohdendorf is clearly a representative of those orthodox Marxists who

believe in historical explanations in the form of the dialectical triad (thesis, antithesis, synthesis).

In Rohdendorf s presentation the theses and antitheses are called “conflicts” and the syntheses

“solutions”. Following the orthodox dialectical schema, evolutionary progress is seen as the

successive solution of conflicts each produced by the solution of some previous conflict. These

methodological concepts are presented in Part IV of Rohdendorf’s book as if they were some-

how conclusions drawn from his studies. In fact they are preconceptions through which he

attempts to interpret his data. Dialectics is not an empirical theory, but has its roots in idealist

philosophies (notably that of Hegel) utterly opposed to empirical science. I refer the reader to

an excellent review of this subject by Karl Popper (1940. What is dialectic? Mind 49: 403-426).

This is not to say that Rohdendorf s explanations are all valueless, and without interest.

There are undoubtedly points of importance in his analysis. But by his rigid adherence to the

dialectical pattern of explanation, he denies himself the possibility of subsuming evolutionary

changes under covering laws in accordance with the generally accepted concept of scientific

explanation. Let us consider one example, Rohdendorf s first “concrete example of internal

conflicts” (p. 319). Here we are offered an explanation of the evolution of apodous (legless)

laivae in Diptera, in the form of a solution to the following conflict:

A. Need for a solid substrate for B. Need for nutrition in a moist,

locomotion of the larva, pro- semiliquid substrate, forming

vided by three pairs of walking comparatively large masses,

legs.

Obviously there is some truth in this. An insect with thoracic walking legs which penetrated

a mass of viscous substrate would find its legs an obstacle, not an aid, to locomotion. There-

fore it is reasonable to hypothesize that leglessness was evolved in one of the ancestors of the

Diptera whose larvae came to feed in a viscous substrate, such as wet soil or decomposing or-

ganic matter of some kind. However, the covering laws under which this morphological change

can be subsumed must surely involve the mechanics of locomotion through a viscous medium,

which Rohdendorf does not discuss. Moreover, it makes little sense to talk of a conflict between

locomotion and nutrition in the larval stages of holometabolous insects, since their need for

locomotion is largely determined by, not in conflict with, their need for food and shelter. But

the invalidity of the supposed conflict is not the most important point. What is more serious,

and applies even in those examples where the stated conflicts seem valid, is that Rohdendorf s

concern to discover a “conflict” has diverted his attention from the possibility of genuine nomo-

logical explanation.

Throughout his book Rohdendorf emphasizes the need for functional and ecological explan-

ations of evolutionary change. This emphasis seems to me well justified. But I think we will

make more progress in providing such explanations if our thinking is not rigidly constrained

by the dialectical schema.

Now to more specific matters. Part I of Rohdendorf s book deals with the characterization

and classification of the Diptera. He rejects the conventional suborders Nematocera, Brachy-

cera and Cyclorrhapha, but makes his primary division into the suborders Archidiptera

Quaest. Ent, 1975, 1 1 (1)
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(Nymphomyiidae only in the Recent fauna) and Eudiptera (all the rest). The first name is in

error (Archaeodiptera conveys the intended meaning), as has already been pointed out by

Cutten and Kevan (1970. The Nymphomyiidae [Diptera] , with special reference to Palaeo-

dipteron walked Ide and its larva in Quebec, and a description of a new genus and species from

India. Can. J. Zool. 48: 1-24). The Eudiptera are then divided into 12 infraorders (Deutero-

phlebiomorpha, Blephariceromorpha, Tipulomorpha, Bibionomorpha, Asilomorpha, Musidoro-

morpha, Phoromorpha, Termitoxeniomorpha, Myiomorpha, Braulomorpha, Nycteribiomorpha

and Streblomorpha).

The validity of Rohdendorf s separation of Nymphomyiidae from the rest of the Diptera

remains unsettled. Cutten and Kevan (loc. cit.) are inclined to support Rohdendorf s view,

but other authors have advocated alternatives. A cytological study might well settle this dis-

pute, since White’s (1949. Cytological evidence on the phytogeny and classification of the

Diptera. Evolution 3: 252-261) work has shown that the major subgroups of Diptera have

quite different genetic systems. (Rohdendorfs failure to consider White’s work was a serious

omission).

Rohdendorf s subdivision of the Eudiptera is highly arbitrary and has found no acceptance

outside the Soviet Union. It is evident from his phytogeny diagrams (Figs. 81-85) that many

of his group concepts are not intended to represent monophyletic groups in the sense of phylo-

genetic (Hennigian) systematics. Rohdendorf believes in the evolution of new high-ranking

groups by rapid “qualitative transformation”, and sees the gaps between existing groups as

evidence of such transformations. Consequently he identifies systematic groups with “biotypes

. . . associated with definite conditions of existence, which are reflected in similarities of struc-

ture, function and ontogentical development” (p. 17). Rohdendorfs nomenclatural scheme

is thus not intended to represent the branching pattern of phytogeny, but rather constitutes a

typological classification superimposed on phytogeny. It is easy to misunderstand his views on

phylogenetic relationships, as these are not consistently represented in the classification and

there is an inherent ambiguity in his use of “relationship” and similar terms in discussion (some-

times typological, sometimes phylogenetic relationship is meant). Now that the complete text

of this work is available to me, I find that both Hennig and myself have succeeded in misunder-

standing certain points on this account. The only monophyletic groups among Rohdendorf s

infraorders are the Deuterophlebiomorpha, Blephariceromorpha, Musidoromorpha, Termitox-

eniomorpha, Braulomorpha and Streblomorpha. All these are small, highly specialized groups

usually given family, or even lower, rank by Western authors. We are told that the first four are

“relicts” (a term used liberally in Rohdendorf s evolutionary discussions), but not offered the

slightest evidence that they were ever more diverse or more widely distributed than at present.

A detailed commentary on Rohdendorf s classification would take up much space, and is

scarcely necessary since such commentary has already been published. Rohdendorfs infraorder

and superfamily classification of the Eudiptera has been discussed in some detail by Hennig

(1968. Kritische Bemerkungen fiber den Bau der Flugelwurzel bei den Dipteren und die Frage

nach der Monophyhe der Nematocera. Stuttg. Beitr. Naturk. no. 193. 23 pp.). His treatment

of the Cyclorrhapha has been discussed in my recent book (Griffiths, G. C. D. 1972. The

phylogenetic classification of Diptera Cyclorrhapha, with special reference to the structure

of the male postabdomen. Junk, The Hague. 340 pp.). Neither of us were of the opinion that

the changes proposed by Rohdendorf are improvements from the viewpoint of phylogenetic

systematics.

Part II of Rohdendorf s work is entitled Diptera of the Geological Past. Most of this Part

is devoted to descriptions and discussion of the Upper Triassic Issyk-kul and Middle Jurassic

Karatau faunas of Central Asia. The work of Rohdendorf and his collaborators (the information

in the present work has since been supplemented by a series of further publications) remains
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the main primary source of information on Mesozoic Diptera, and should be studied by all

interested in the history of the Diptera. Again I will not attempt to give a detailed commentary,

but refer the reader to the discussion in Hennig’s recent book on fossil insects (1969. Die Stam-

mesgeschichte der Insekten. Waldemar Kramer, Frankfurt am Main. 436 pp.). However, certain

major points of criticism do deserve mention here.

Like Hennig, I am not satisfied that the wing fragments referred by Rohdendorf to the

“Archidiptera” are Diptera at all. More complete fossils are needed for the relationships of

these insects to be reliably assessed. It seems to me quite unwarranted to base elaborate evol-

utionary hypotheses on the available fragments, as Rohdendorf does later (p. 289).

I also share Hennig’s opinion that there must be inaccuracies in certain of the wing figures,

which show cross-veins and vein stubs in positions where these cannot be found in any existing

Diptera. For instance, if we consider the Triassic fossils ascribed to the Tipulidea, there is only

one (Architipula radiata Rohd.) whose wing venation is entirely convincing. Rohdendorf was

doubtless faced with technical problems in distinguishing impressions made by wing veins from

other impressions in the rock. Such problems may not be entirely soluble with present-day

paleontological techniques. But what is more difficult to understand is that Rohdendorf seems

to take little account of these problems and frequently uses doubtful features as defining char-

acters for his fossil taxa. For this reason I fear that future workers without access to the orig-

inal material will find it difficult to interpret many of these taxa.

If Rohdendorf reads this review, his reaction will likely be that I am trying to “abolish the

dialectic” (a shocking and unthinkable thing to the orthodox Marxist). I openly admit that

this is my intention. The privileged position of dialectics in Marxist countries (due to the

acceptance of Hegelian dialectics by Marx) is a constant threat to the progress of the empirical

sciences there. Most Soviet scientists, while paying lip service to dialectics, have the good sense

not to allow it to influence their practical work. Rohdendorf is an exception. He really tries to

implement the official party line. The results serve, in my opinion, merely to show that dialectics

has nothing to contribute to empirical science except an empty play of words.

In view of these weighty criticisms, do I think it was worthwhile publishing an English trans-

lation of this work? Yes, marginally. Rohdendorfs work is the main source of information on

Mesozoic Diptera, and buried in the dialectical verbiage are occasional points of genuine interest

and importance. However, only those with extensive knowledge of the Diptera will be able to

separate the grain from the chaff. Keep this book away from inexperienced students; it will only

confuse them.

The University of Alberta Press may be complimented for an attractive production, printed

on much better paper than the Russian original. Printing errors are few, and mostly unimportant.

But note that in the third paragraph on page 111, “Heleomyzidea” should replace “Heleomyzidae”

in the first hne, and “Helcomyzinae” should replace “Heleomyzinae” in the last line.

Graham C. D. Griffiths

Department of Entomology

University of Alberta

Edmonton, Alberta T6G 2E3

Quaest. Ent., 1975, 11 (1)



ADDITIONS TO “ANNOTATED KEY TO PLATYNUS^'

(COLEOPTERA: CARABIDAE; AGONINI).

DONALD R. WHITEHEAD
Organization for Tropical Studies

c/o Department ofEntomology

U.S. National Museum Quaestiones Entomologicae

Washington, D. C. 20560 11:6 1975

Since publication of my “Annotated key to Platynus'" (1973), I have discovered that two

important entries were inadvertently dropped from early drafts and hence omitted in final

proof.

Page 192: replace discussion under entry for/*, consularis and add entry fox P. convexulus,

as follows.

Platynus consularis is known only from various localities in the state of Guerrero. This

species has been confused in collections and in the literature with P. ebeninus but is well dis-

tinguished by characteristics cited in the key, and the two species probably are not closely

related.

Platynus convexulus (Casey), new combination.

Anchomenus convexulus Casey 1920: 38. Holotype female (?), labelled “Tamaulipas Mex.

. . .” (script), “TYPE USNM 47412” (USNM). Probably a female, but not sexed definitely

since both front tarsi as well as all other claw bearing tarsal articles are lost.

Agonum convexulum, Csiki 1931: 862 (subgQxms Anchomenus); Blackwelder 1944: 41.

This form is evidently quite closely related to P. porrectus, and perhaps is conspecific with

it. Specimens seen from the state of Hidalgo agree with the holotype of P. convexulus. Speci-

mens from various localities in the Trans-Volcanic Sierra differ by having dorsoapical setae on

the hind femora, and may represent a distinct species.

Page 212: insert following between entries forP. teter andP. tlamayensis.

Platynus tinctipennis (Bates), new combination.

Colpodes tinctipennis Bates 1891: 257. Lectotype female, here designated, labelled “TYPE
H. T.”, “Ciudad, Durango. Hoge.” (BMNH).

Colpodes tinctipennis, Csiki 1931: 764; Blackwelder 1944: 40.

This species is known only from the original localities in Durango, Ciudad and Refugio.

REFERENCE

Whitehead, D. R. 1973. Annotated key to Platynus, mchxdmg Mexisphodrus and most “Col-

podes”, so far described from North America including Mexico (Coleoptera: Carabidae:

Agonini). Quaestiones Entomologicae 9: 173-217.



THE EVOLUTION OF THE INSECT HEAD

:

THE ENDLESS DISPUTE*

J. G. REMPEL
Department of Biology

University of Saskatchewan

Saskatoon, Saskatchewan

Quaestiones Entomologicae

11: 7-25 1975

It would be too bad if the question of head segmentation ever should be

finally settled; it has been for so long such fertile ground for theorizing

that arthropodists would miss it as a field for mental exercise.

Snodgrass, 1960

Head segmentation in insects has long been a subject of dispute. The controversy concerns

possible pregnathal segments, namely intercalary, antennal and preantennal, and the presence

or absence ofan acron. The total number ofsegments has been placed as low as three and as

high as seven as seen in a brief review of the theories by Snodgrass, DuPorte, Butt, Ferris,

Sharov, Roonwal, Chaudonneret, Matsuda, Imms and Manton, Eastham, Tiegs and Weber,

Scholl, Rempel and Church. In the embryo o/Lytta viridana (Coleoptera: Meloidae) an inter-

calary segment is recognized by the presence ofcoelomic sacs, a neuromere (tritocerebrum),

and apodemes (anterior tentorial arm); an antennal segment by a pair ofappendages (antennae),

coelomic sacs, a neuromere (deutocerebrum), and apodemes (mandibular extensor apodemes);

a preantennal segment by a pair ofappendages (labrum), coelomic sacs, and apodemes. The

proposal is made that the ancestor of the insect was annelid-like, that the prostomium became

the acron and that the six originally postoral segments joined the acron to form the head tagma.

The theory differs from the classical theory of a six-segmented insect head in that the labrum

is considered to be appendiculate innervated originally by the nervus connectivus from a pre-

antennal neuromere (prosocerebrum).

La segmentation de la tete des insectes a ete depuis longtemps le sujet d’une longue dispute.

Le probleme concerne les segments preoraux: Tintercalaire, Tantennaire et le preantennaire,

et la presence ou Tabsence dun acron. Le nombre de segments varie entre trois et sept selon

les courtes revues de ces theories par Snodgrass, DuPorte, Butt, Ferris, Sharov, Roonwal,

Chaudonneret, Matsuda, Imms et Manton, Eastham, Tiegs et Weber, Scholl, Rempel et Church.

Chez Tembryo de Lytta viridana (Coleoptere: Meloidae) un segment intercallaire est reconnu

par la presence de sacs coelomiques, dun neuromere (tritocerebrum) et d’apodemes (embranche-

ment anterieure, du tentorium); un segment antennaire est reconnu par la presence d’une paire

d’appendices (antennes), de sacs coelomiques, d’un neuromere (deutocerebrum) et d’apodemes

(apodemes des extenseurs des mandibules); un segment preantennaire est reconnu par la pre-

sence d’une pair d’appendices (labre), de sacs coelomiques et d’apodemes. Nous proposons que

I’ancetre des insectes ressemblaient les annelides, que le prostomium est devenu I’acron et que

les six segments postoraux originaux ont joint I’acron pour former la tete. Cette theorie differe

de la theorie classique de la tete de I’insecte composee de six segments en ce que le labre est

considere comme innerve par le nervus connectivus d’un nuromere preantennaire (prosocere-

brum).

* Based on a paper read at a seminar of the Departments of Entomology and Zoology, Univer-

sity of Alberta, Edmonton, September 26, 1974.
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INTRODUCTION

The problem of head segmentation in insects has been a lively topic of discussion since the

turn of the last century. Numerous papers have appeared since then, each one outlining, often

at great length, the history of evolutionaiy thought with respect to head segmentation. One
of the latest and most detailed reviews is given by Matsuda (1965). When the latter work ap-

peared in print it seemed that the problem was largely solved and little would be gained in

reopening the debate. But new information has been published lately which suggests that part

of the protocerebrum is a preantennal neuromere (Malzacher, 1968; Scholl, 1969) and that

the labrum, which has been the center of the controversy, is indeed an appendicular structure

(Rempel and Church, 1971).

Of further significance is that recent publications still feature the theories expounded by

North American workers, notably Snodgrass, Ferris and Butt, although the weight of evidence

is against these theories. Of concern is the adoption of the Snodgrass (1935) theory by the

author of a monumental work on the structure and function in the nervous systems of in-

vertebrates (Horridge, 1965) and by the author of a recent textbook in entomology (Romoser,

1973). The Ferris (1950) theory which has never received serious consideration was featured

by Demerec (1950), in his “Biology of Drosophila''. Two recent papers (Steinmann, 1970;

Dixit, 1972) follow Butt (1957, 1960) in assigning the labrum to the intercalary or tritocere-

braf segment and are thus subject to the same criticism as the papers by Butt.

THE INSECT HEAD

The Problem of Head Metamerism in Insects

In the study of animal evolution various approaches have been used. The most direct evi-

dence is afforded by the fossil record, but in the case of insects, palaeontology has not given

us the information that we require. The secret of head metamerism should be looked for in

early Devonian fossils for the primitive insect stock appeared in the Devonian (Smart and

Hughes, 1972), but such material is not available. Indeed, we even lack sufficient later palae-

ontological specimens to enable us to reconstruct an undisputed phylogenetic tree for the

insectan world (Scudder, 1973).

Similarly, problems have been encountered in studies of comparative morphology. First,

most insect morphologists who have been concerned with head segmentation assume that the

present day arthropods are the product of a monophyletic line of evolution. On this assumption

any theory of head segmentation for insects must be equally applicable to the Chelicerata and

the Crustacea. That this approach is questionable is evident from the extensive studies of Tiegs

and Manton (1958) and Manton (1964). These authors advance evidence that in the case of

arthropods we are confronted with a di- or polyphyletic origin. For example, Manton has

shown that the mandibles have evolved independently in (i) the Crustacea; (ii) the Chelicerata;

(iii) the Onychophora, Myriapoda, Insecta. In the last the mandible is a modified whole limb,

while in the first two the jaw arises from a part of the limb.

Of additional significance is the arrangement of cephalic apodemes. The Crustacea possess

no common basic plan, while in the myriapods and hexapods the apodemes are arranged in

an intersegmental series that is similar in the two groups - although the posterior tentorial arm

is absent in the myriapods. On this thesis the relationship between Crustacea and Insecta is a

distant one. For this reason I believe that study of evolution of the arthropod head should be

done independently in the three major groups in the hope that such studies will indicate the

extent of phylogenetic relationships or the extent of convergent evolution.

A second difficulty from studies of comparative morphology arises from the fact that these

studies are often based on structural features of the adult. Bearing in mind the great morpholog-

ical changes that many insects undergo in their ontogeny, such studies seem to be doomed from
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the beginning. It is a study of a ‘finished’ product and this should make it suspect. Morpholo-

gists now generally agree that sutures in the larva and adult with the possible exception of the

postoccipital suture cannot be used in determining segmental boundaries (Chapman, 1969).

Further, in morphological studies too much emphasis has been placed on muscle arrangement

and muscle innervation. Muscles may be composite structures derived from more than one

mesodermal somite, and muscles can also traverse two or more segments before reaching in-

sertion. Some authors have emphasized muscle innervation in head segmentation, but motor

neurons do not invariably innervate muscles of their own segment and sensory neurons do not

invariably lead to the ganglion of their own segment. The above statement is based on the find-

ings of Horridge (1965) who has made an unusually detailed study of the nervous system of

invertebrates.

Because of the inadequate fossil record and the inadequacy of the morphological approach

in studies of head segmentation, I agree with Matsuda (1965) that “a concept of the constitu-

tion of the insect head should be based primarily on embryological data”. My views are based

mainly on studies of the embryonic development of Lytta viridana, a blister beetle. Behavioral

and physiological studies of this species were first undertaken by Dr. Norman Church, then a

member of the Federal Department of Agriculture at Lethbridge, Alberta. Later he continued

this work at Saskatoon and collaborated with me in the developmental studies.

The term segment is treated here in terms of a metamere which is defined by Snodgrass

(1935) as a body division of the embryo; an embryonic somite or primary body segment. This

definition is quite insufficient for our purpose. In defining a metamere four criteria are now
generally used, namely: the presence of a pair of mesodermal somites; a pair of appendages;

a pair of apodemes, and a neuromere. It must be understood that during the long period of

evolution a component may be greatly reduced or even be lost. A controversy has arisen over

the relative importance of the different components. Some authors have emphasized coelomic

sacs, while others have minimized them. Some have stressed innervation and muscle arrange-

ment. But the chief difficulty has arisen because of the frequent neglect of embryological

studies.

The controversy in regard to head segmentation in arthropods concerns exclusively possible

pregnathal segments, namely intercalary, antennal, and preantennal. There has never been any

disagreement with regard to the status of the mandibular, maxillary, and labial segments. The

total number of segments has been placed as low as three (with no pregnathal segments) and

as high as seven. There has also been disagreement regarding the presence or absence of an

acron (= prostomium).

A brief review of the theories that have been proposed from time to time will now be given.

The selection was made to demonstrate the extent of difference in thought. Detailed accounts

of the history of evolutionary thought regarding head segmentation are extant and readily

available (Matsuda, 1965).

Theories of Head Segmentation

The Snodgrass Theory (Fig. 1). - Robert Evans Snodgrass was one of the world’s leading

insect morphologists and anatomists, a very productive researcher, a prominent teacher, an

artist and philosopher. He had a colorful and eventful career. For nearly a quarter of a century

he held a dual post in the Federal Bureau of Entomology and lecturer in entomology at the

University of Maryland (Mallis, 1971).

A biographer (Thurman, 1959) has this to say of Snodgrass. He was a “dignified, erect,

gracious unassuming gentleman. . .”. A man with “a phenomenal memory for facts and events,

a wealth of basic knowledge at his ready command, thorough training in the use of the Classical

and Romance languages, and an unlimited vocabulary in English and German. .
.”.

Quaest. Ent, 1975, 11 (1)
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Snodgrass (1935, 1960) adopted the theory originally proposed by two European workers,

Holmgren (1916) and Hanstrom (1928). In accordance with this theory the insect head con-

sists of an acron and four metameres. The acron is large and encompasses the ocular, labral,

and antennal regions. The labrum is believed to be a mere outgrowth over the stomodaeum.

It is not appendiculate and there is no labral segment. The presence of labral coelomic sacs

recorded in some forms is not believed to indicate a segment. The antennae are not homolo-

gous with other appendages, and the deutocerebrum is not a separate ganglion but with the

protocerebrum constitutes the primitive brain, the archicerebrum.

The theory has had widespread acceptance in North America, but it has been criticized by

European workers, notably Manton (1949) and Slewing (1963) and others. Although generally

considered to be the leading North American insect morphologist, Snodgrass repeatedly be-

trayed unfamiliarity with insect embryology. Thus he assigned the origin of segmentation

phylogenetically to the ectoderm when developmental studies have clearly shown that the

mesoderm segments before the ectoderm and thus sets the pattern of segmentation. His claim

that coelomic sacs of the acronal region (as defined by him) are best developed in higher arthro-

pods is contradicted by embryology. Thus some coleopteran embryos have well developed

coelomic sacs in the head (Ullmann, 1964; Rempel and Church, 1969; Church and Rempel,

1971), while they are totally absent from dipteran embryos. His denial of appendiculate status

to the antennae must be rejected by every modern insect embryologist. The antennae arise in

the embryo as appendage-like outgrowths; they are provided with large coelomic sacs, apodemal

invaginations are present and the deutocerebrum is the neuromere. Although many workers in

the past, following Snodgrass, have denied segmental status to the labrum, recent studies pro-

vide ample evidence that the labrum represents the fused appendages of a labral segment (see

below).

The DuPorte Theory (Fig. 2). — Dr. Ernest Melville DuPorte rightfully deserves the title

Dean of Canadian entomology. But his reputation flows beyond the border of this country

and we can refer to him as one of North America’s leading insect morphologists and teachers

of entomology. Dr. DuPorte was bom in the West Indies in 1891 and in 1910 came to Canada

to enrol in entomology at McGill University. Upon receiving the Ph.D. he joined the faculty of

McGill and served that institution with great distinction until his retirement in 1957. At the

time of his retirement it was said that half of Canada’s practicing entomologists had at one

time or another studied under Dr. DuPorte. On a more personal basis one might say that this

outstanding researcher and teacher is noted for the warmth of his personality and fondness

for his students. It is no wonder that he enjoys the high esteem and affection of all. Dr. DuPorte,

now in his 80’s, is presently completing a textbook on insect morphology. One might well ask

“Why has there not appeared ere now an extended biography of this outstanding Canadian

biologist?”

The DuPorte theory is an extension of the Snodgrass theory and suffers from the same weak-

ness. Embryological evidence is underrated and coelomic sacs are not regarded as a valid criter-

ion of metamerism. The acron is large bearing the eyes, the antennae and the labrum. That is,

the preoral region is entirely unsegmented. Like Ferris he does not recognize an intercalary

segment. But embryological evidence contradicts DuPorte’s theory. The presence of an inter-

calary and antennal segment has been established beyond doubt by a wealth of developmental

studies.

The Butt Theory (Fig. 3). — Dr. F. H. Butt was for many years Professor of Insect Morphology

and Embryology at Cornell University. He is co-author (with O. A. Johannsen) of the Textbook

of Embryology of Insects and Myriapods. Dr. Butt, now retired at Friday Harbor on the Pacific,

was for many years interested in the segmentation of the insect head and published several pa-

pers on the subject. With Snodgrass he identified the acron as the region that bears the compound
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eyes and the antennae, but excludes the labrum. The latter is looked upon as the fused labral

appendages, and since the labrum is innervated from the tritocerebrum, it is considered to be

part of the premandibular or intercalary segment. The antennae are not considered to be ap-

pendicular and the deutocerebrum is not a segmental ganglion but with the protocerebrum

corresponds to the archicerebrum of the annelid ancestors. The theory has been criticized by

Snodgrass ( 1 960) on the ground that the labral nerve is largely if not entirely a sensory nerve

and thus cannot be used in determining segmentation. The theory has also received strong

criticism by Manton (1960), a criticism which I believe to be intemperate. To settle the dis-

pute we need further detailed studies of the nerve pathways in the labral nerve and the nervus

connectivus.

The Ferris Theory (Fig. 4). - Gordon Floyd Ferris was born in Kansas in 1893. Early in

his life he moved west and was for nearly a half a century associated with Stanford University,

first as a student 1912-1917, and then as a faculty member 1917-1958. As professor he had

a distinguished career (Mallis, 1971). According to one biographer he was one of the giants

of taxonomic entomology in this century and this is borne out by his publications which

number 217. He was also an accomplished teacher of entomology and a field naturalist. Ferris

was an independent and forceful personality; he stated what was on his mind in energetic lang-

uage. Students held him in awe, but were attracted to him and inspired by him. They came

from various states outside California and from foreign lands. But in a university an overpow-

ering force can exert a negative influence. And so it was with Ferris. The publications of many

of his students betray too strong a Ferris stamp.

Ferris’ theory of head segmentation is most unusual. It is based on two main assumptions,

namely that the principal transverse sutures of the adult are intersegmental lines marking the

limits of the labral, clypeal, oculo-antennal, mandibular, maxillary, and labial segments, and

that a ganglion innervates a segment to which it originally belonged. The theory is based large-

ly on the findings of one of his co-workers. Miss Henry. Since the theory is based largely on

innervation, a difficulty is encountered in that the labrum is innervated from the tritocerebrum.

A ready explanation is found by assuming that the tritocerebral ganglion has phylogenetically

been shifted posteriorly. There is no room for the intercalary segment which Ferris claims was

‘invented’. A weakness of the theory is that it is based on features of the adult insect; on the

belief that the nervous system can be used to determine homology although no attempt is made

to trace nerve pathways. But the greatest drawback is the total disregard of embryological

evidence. The theory is now merely a historical curiosity that has no further place in the

entomological literature.

The Sharov Theory (Fig. 5). — One of the leading Russian authorities to take part in the

controversy of head segmentation was A. G. Sharov. A brief outline of his biography indicates

a remarkable career. He was bom near Moscow in 1922. At the age of 17 he entered the Uni-

versity of Moscow, but his education was interrupted by the war. Upon graduation in 1950

he joined the Institute of Animal Morphology and later transferred to the Paleontological

Institute, Academy of Sciences. Here he rose quickly from instmctor to senior scientist. He
was the leader of a series of expeditions to Asiatic Russia to collect vertebrate and invertebrate

fossils. As a scientist he was very productive and in his short life published 67 scientific papers

and monographs. Of added interest is that he appeared to have complete mastery of English.

Sharov believes in the monophyletic origin of the arthropods and therefore maintains that

a theory of head segmentation must fit the entire phylum. He postulates a seven-segmented

head. The first or anteriormost segment is the labral, and the labmm is appendiculate. This is

followed by the ocular or preantennal segment. The compound eyes are considered to be mod-

ified limbs. Then follow the segments in the usual way. Sharov’s book Basic Arthropodan Stock

in which he outlines his theory has been severely criticized by Hedgpeth ( 1 967) who calls the

Quaest. Ent., 1975, 11 (1)
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book an “unnecessary and misleading contribution.”

The Roonwal Theory (Fig. 6). — M. L. Roonwal published his theory of head segmentation in

1938. He postulates a seven segmented insect head. The acron, and with it the archicerebrum,

has disappeared. The first segment is the labral and its neuromere is part of the protocerebrum.

It is followed by the preantennal, with a second part of the protocerebrum as the neuromere.

The protocerebum is thus composed of two pairs of ganglia. Then follow in succession the

antennal, intercalary, mandibular, maxillary and labial. Roonwal is aware that the labrum is

innervated from the tritocerebrum and not from the protocerebrum, but considers this to be

a secondary feature. He thus seems to anticipate the view expressed later by Scholl (1969).

The Chaudonneret Theory (Fig. 7). — Jean Chaudonneret is a morphologist and embryolo-

gist of note. He was born in Dijon, France and received his education at the Universities of

Dijon and Paris. He has been associated with the University of Dijon since 1943. His publica-

tions consist of a series of papers dealing with the morphology and embryology of the insect

head and the gnathal region of the Malacostraca.

According to Chaudonneret (1966) the acron is small, well hidden. The first segment is the

protocephalic or preantennal bearing the eyes. This is followed in succession by the antennal,

tritocerebral, superlingual, mandibular, maxillary and labial. The uniqueness of this theory is

the presence of the superlingual segment, the superlinguae being considered appendicular.

The labrum is composite in structure derived from several originally postoral segments. The

acron is overgrown by parts of these segments. Matsuda (1965) points out the weakness of

this theory in that the superlinguae cannot be appendages of a separate segment for according

to Silvestri (1933) they arise embryologically from the posterior region of the mandibular seg-

ment and the anterior region of the maxillary segment. Moreover, since Chaudonneret’s theory

is based mainly on a study of Thermobia, it is of interest to note that Larink (1970) found

no evidence for the presence of a superlingual segment in the embryonic development of

Lepisma.

The Matsuda Theory (Fig. 8). — Dr. Matsuda studied at Stanford under Ferris. He is present-

ly associated with the Federal Department of Agriculture in Ottawa. On the basis of his ex-

cellent publications in insect morphology, we must look upon Dr. Matsuda as one of the lead-

ing insect morphologists on this continent.

Dr. Matsuda’s (1965) theory of head segmentation is outlined in his book the “Morphology

and Evolution of the Insect Head”. I briefly summarize his views. The acron is large and bears

the eyes and labrum. The neuromere is the protocerebrum. There is no preantennal segment

and the bilobed labrum is not appendicular. The first definitive segment in insects is the an-

tennal, with the deutocerebrum as it neuromere. The antennae are appendicular. The head is

thus made up of an acron and five segments.

The Imms-Manton Theory (Fig. 9). — Angustus Daniel Imms is one of the best known Eng-

lish entomologists. His fame rests largely on his widely used General Textbook of Entomology

and he must be looked upon as being first and foremost a teacher, rather than a researcher.

There is no photograph of Imms in existence, but a sketch by an artist is in the possession of

Sir Vincent Wigglesworth who very kindly sent me a copy and a biography of Imms.

Imms was born in 1 880. He received his early education, which was frequently interrupted

by ill health, in Birmingham. In 1903 he graduated from London and two years later entered

Cambridge as an 1851 Exhibition Science scholar. At Cambridge he came in contact with some

of the best entomologists of the day. He graduated in 1907 with a B.A. degree and was award-

ed the Darwin Prize of Christ’s College. In the same year Birmingham bestowed upon him the

D.Sc.

After graduation Imms spent six years in India, first as professor of biology at the Univer-

sity of AUahabad and later as Forest Entomologist of the Government of India. For reasons
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of health he returned to England and accepted a readership in Agricultural Entomology at

Manchester. During the war years 1914-1918 he tried repeatedly to enlist but was rejected

on account of ill health. In 1918 Imms moved to the Experimental Station at Rothamsted

and remained there until 1931. While at Rothamsted he wrote the General Textbook of Ent-

omology, the book being published in 1925. This immediately brought him widespread rec-

ognition at home and abroad. He travelled widely and in 1925 and again in 1928 made ex-

tensive tours in Canada and the United States. In 1929 he was elected a Fellow of the Royal

Society, and in 1931 accepted a readership in entomology at Cambridge. Here he established

a fine record as a teacher, but he also ‘produced some valuable memoirs bearing particularly

on morphological problems fundamental to questions of the ancestry of insects and phylo-

genetic relationships of the main orders’ (Thorpe, 1949). His theory of head segmentation in

insects appears in his textbook and I shall briefly outline his views as found in the 1957 re-

vised edition. But we must first introduce another British authority whose views are in close

agreement with those of Imms.

Sidnie M. Manton, the holder of an impressive list of degrees and honours:

M.A., Ph.C., Sc. D. (Cambridge)

Fellow, Royal Society of London

Hon. Doctor Filosophie (Univ. Lund)

Fellow, Linnean Society

Linnean Gold Medalist.

The above academic achievements speak clearly of a scientist and scholar of a high order.

Academically Dr. Manton has been associated with Kings College, with Queen Mary College,

and the British Museum of Natural History. She has to her credit numerous publications deal-

ing with the morphology, embryology and evolution of the Arthropoda, especially Crustacea

and Onychophora. She has an incisive mind, a great background of knowledge and a great

facility in writing. As a consequence the word ‘monumental’ can very well be ascribed to her

work. But she can be intolerant of the views of others and I believe it is in order to call to

Dr. Manton’s attention the words of the philosopher Sir Thomas Browne, written in his

Religio Medici some three centuries ago:

“I should never divide myself from any man upon the difference

of an opinion or be angry with his judgement for not agreeing

with me.”

Imms accepts the classical theory of head segmentation and recognizes an acron and six meta-

meres: preantennary, antennary, intercalary, mandibular, maxillary, and labial. He associates

the preantennary segment with the protocerebrum although the latter may also comprise the

archicerebrum or primitive prostomial ganglion. The labrum is simply an unpaired sclerite over-

hanging the mouth. It is not appendiculate, and there is no labral segment.

Manton’s views are in close accord with those of Imms, and we need not elaborate further.

The Eastham Theory (Fig. 10). — Dr. Eastham is associated with the Department of Zoology,

Cambridge University. His theory is based on a detailed study of the embryology of Pieris rapae,

the cabbage butterfly, published in 1930.

In the early embryo Eastham made the important observation that there are six pairs of ap-

pendages in the regions that ultimately form the head tagma. The first pair fuse early and

develop into the labrum; the second pair are large and become the antennae; the third pair are

rudimentary. The fourth, fifth and sixth pairs form the mandibles, the maxillae and labium

respectively. Of special significance are the following. The labrum arises as two appendages

and each is provided with a somite. The protocerebrum is considered to be the neuromere.

Of interest too are the rudimentary appendages of the tritocerebral segment. Their presence

clearly indicates that the labrum cannot be the appendage of this segment. According to

Quaest. Ent, 1975, 11 (1)
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Eastham then, the insect head is made up of six segments, which is in agreement with the

classical theory of head segmentation. It differs from the view of others in that he omits the

acron. The ocular region is thus part of the labral segment. Eastham must be accorded the

credit for calling attention to the importance of the cephalic apodemes as an indicator of the

segmental constitution of the embryonic head.

The Tiegs and Weber Theory (Fig. 1 1). — In November 1956 the entomological world lost

two of its most illustrious members. The first was Oscar Werner Tiegs. The second was Hermann

Weber. Tiegs was bom in Brisbane, Australia, on March 12, 1897. His parents were of German

origin and had migrated to Australia at an early age. When still quite young he showed a great

interest in insects which seemed to foreshadow the remarkable contribution he was later to

make in entomology. Educated at the University of Queensland and Adelaide University he

joined the faculty of the University of Melbourne in 1925 and served that institution until

his death

.

Tiegs’ early work involved the study of striated muscle in both vertebrates and invertebrates,

and in these studies he was far ahead of his times. One wonders what this man would have

achieved had he been able to draw on modern knowledge of biochemistry and had he had at

his disposal modern equipment. In the field of entomology he made truly outstanding con-

tributions in the embryology and phylogeny of the Myriapoda and Insecta. These studies

were undertaken in the hope that they would throw light on the evolution and stmctural

relationships of the Arthropoda. His work is characterized by attention to minute detail which

gives it lasting value. He achieved international acclaim, especially in Britain where formal rec-

ognition of his work was to be accorded him at the Darwin celebrations in 1958. He died un-

fortunately in 1956 at the age of 59.

Herman Weber was the ‘pride’ of German entomology and zoology. But his fame extended

far beyond the borders of his homeland, and other countries vied with each other to honour

this illustrious man. His outstanding scientific achievements were recognized by academicians

in German universities generally and there was keen competition for his services — Bonn, Dan-

zig, Freiburg, Munster, Vienna, Strassburg, Tubingen. During the war he suffered internment

and this seriously undermined his health which cut short his career at the age of 57. Weber

made brilliant contributions in three spheres. He was the author of numerous outstanding

scientific papers; he was involved in the editorship of prestigious scientific journals such as

Zoologische Jahrbucher, Fortschritte der Zoologie and others; he was the author of several

textbooks. His Lehrbuch der Entomologie was written in one year and it is now regarded as

a rare jewel in zoological literature. I consider his Grundriss der Insektenkunde written in

1938 still as the finest textbook of entomology. Unfortunately to Canadian students with

knowledge limited to English or French it is a closed treasure.

Tiegs’ (1941, 1947) theory of head segmentation is based largely on his detailed studies of

the embryology of Symphyla and Pauropoda. Weber (1952) made a lengthly review of the

various theories of head segmentation and his views largely coincide with those of Tiegs. We
may summarize these as follows:

The acron is homologous with the annelid prostomium. It bears the archicerebrum which

originally was made up of a small median unpaired nervous element. To this were later added

a pair of ganglia which form the larger part of the archicerebrum and innervate the eyes. The

acron is followed by 6 segments. The first is the preantennal segment, or prosocephalon. Its

neuromere is the prosocerebrum (Nebenlappen; Accessory Lobe). It is closely associated with

the archicerebrum to form what is commonly called the protocerebrum. The second metamere

is the antennal. Its appendages, the antennae, are innervated by the deutocerebrum. This is

followed by the premandibular or intercalary segment with the tritocerebrum as its neuromere.

The labrum, according to this theory, is composite in structure and is the product of the three
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preoral segments. There is thus no labral segment. The statement is significant in view of what

many other researchers believe.

In 1 963 Rolf Slewing of the Zoological Institute of the Christian-Albrechts University at

Kiel made an extensive analysis of the problem of head segmentation in arthropods based on

a review of the literature. His conclusions are in rather close agreement with those of Tiegs

and Weber. He too concludes that there is an acron and six metameres, namely: preantennal,

antennal, premandibular, mandibular, maxillary and labial. The labrum is considered to be

solely part of the preantennal segment but he is not prepared to assign it appendiculate status.

The Scholl, Rempel and Church Theory (Fig. 12). — During the last few years Dr. Church

and I have made a rather detailed study of the embryonic development of Lytta viridana. Our

studies completely confirm the findings of Tiegs, Weber and Slewing. But we go a step further.

We find that the labrum must be considered appendiculate. We conclude that the insect head

consists of the annelid prostomium (referred to as the acron) and six metameres, the anterior-

most three having assumed a preoral position.

I now want to outline the proof for our theory. May I point out again that there has never

been any disagreement regarding the status of the mandibular, maxillary and labial segments.

I therefore limit the discussion to the status of the premandibular or intercalary segment, the

antennal segment, and the preantennal or labral segment.

First the intercalary segment. Its existence has been denied by only two workers, DuPorte

and Ferris. Ferris called the segment an ‘invention’. What does embryology show? In 60 h

embryos of Lytta, parasagittal section (Fig. 14), the intercalary segment is as distinct as the

succeeding segments. Note the coelomic sac. At 70 h (Fig. 15) a neuromere (tritocerebum)

is formed; at 80 h (Fig. 16) the apodemal invagination (the anterior tentorial arm) is promi-

nent. At this stage the tritocerebrum has joined the brain. Eastham (1930) (Fig. 13) recorded

rudimentary premandibular appendages. Thus the four criteria of a metamere are met.

What about the antennal segment? Here the North American workers (Snodgrass, Ferris,

DuPorte and Butt) are in a separate class from the European workers in that they reject ap-

pendiculate status for the antennae and deny the presence of an antennal segment. Let us

recall that we have four criteria for a segment. In an early embryo, a whole mount with all

embryonic membranes removed, appendage-like outgrowths are found from the labral to the

first abdominal segment (Fig. 1 3). Note that the largest among them are the antennae. In other

words, the latter arise like all other appendages. The statement has been made that the antennae

in structure differ markedly from the other appendages. In reply we may point to the great

plasticity of the arthropod appendage. It can be changed in various ways. For example, in

Lytta the appendages of the first abdominal segment change into glands, the pleuropodia.

That antennae generally have large coelomic sacs is well known from embryology (Fig. 16).

That satisfies two criteria. Antennal apodemes have been reported by a number of workers.

We observed them in an early embryo of Lytta (Rempel and Church, 1971, Figs. 2, 7, 8). In

this species, these apodemes extend backward into the mandible (Fig. 18). As the latter rotate

in a posteromedian direction through an angle of 120° (Fig. 19), the apodemes become located

at the outer edge of the mandible and later serve as support for the mandibular extensor mus-

cles. Our view of the ultimate fate of the antennal apodeme differs from that of Scholl (1969)

who maintains that it forms the dorsal arm of the tentorium.

That leaves us the problem of an antennal neuromere. The four leading American workers

mentioned above believe that the archicerebrum, the ancient brain, divided secondarily into

protocerebral and deutocerebral lobes. In other words, according to them the deutocerebrum

is not a segmental ganglion. This view is rejected by modern embryologists, for it is well known
that the deutocerebrum arises in the embryo apart from the protocerebrum. In the illustrations

(Figs. 20 and 21) the deutocerebrum with the sensory and motor neurons of the antennae are

Quaest. Ent., 1975, 11 (1)
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indicated.

That brings us to the final, the central problem^ the crucial point of the long-lasting contro-

versy. With few exceptions the entomologists of the world who have concerned themselves

with head segmentation look upon the labrum as merely an outgrowth of the body wall in

front of the stomodaeum. The view is well expressed by Snodgrass (1960) when he says, “it

seems much simpler to accept the labrum for what it appears to be in all arthropods from

trilobites to insects, namely, a preoral lobe of the head”. But you will recall that when I dis-

cussed theories of head segmentation that Eastham as early as 1930 considered the labrum

the fused labral appendages and the protocerebrum their neuromere. Butt in 1957 and again

in 1960 advanced the theory that the labrum resulted from the fused appendages of the inter-

calary segment. Slewing in 1 963 accepted the presence of a preantennal or labral segment but

was not prepared to assign appendiculate status to the labrum. There are numerous references

in the literature to the early appearance of the labrum as two appendage-like outgrowths.

This is especially well seen in Pieris (Fig. 13), in Tenebrio (Ullmann, 1964) and in Lytta (Rem-

pel and Church, 1969). That each appendage may have a somite laid down in situ is well docu-

mented. In 1969 Scholl made a detailed study of the embryonic development of the head of

the stick insect. He set out to investigate first whether there is a distinct region between the

acron and the antennal segment which can be demarcated from the two, and which has not

been translated there secondarily, and, second, whether one can assign segmental status to this

area. On the bases of the development of the mesoderm Scholl could delimit three preoral

regions: labral, antennal and premandibular. He is inclined to look upon the labrum as an

appendicular structure.

Reference has been made to the intersegmental arrangement of cephalic apodemes. In 1965

Matsuda made a careful survey of the literature in regard to cephalic apodemes. His findings

are summarized in Fig. 17. According to Matsuda no one had ever found apodemes in associa-

tion with the labrum. But in 1971 we discovered these apodemes in early Lytta embryos

(Figs. 18, 19). Also Scholl (1969) lists the following cephalic apodemes: labral (Frontalleisten?),

antennal, intercalary, mandibular, maxillary and labial. Scholl believes that the arrangement

of the apodemes can be used as a criterion for head segmentation if used in association with

other criteria.

This leaves us the last hurdle. If there is a labral segment, what is its neuromere and what

is its innervation? If the labral segment is a preantennal segment, then we must look for its

neuromere in front of the deutocerebrum and for a nerve that leads from here to the clypeo-

labral muscles. According to Scholl ( 1 969) the corpora pedunculata and the optic centres are

common to the Annelida and Arthropoda. But the central body and the protocerebral bridge

are found in arthropods only. Hence we may look upon the optic centres and the corpora

pedunculata as the archicerebrum. The rest of the protocerebrum may then represent the

preantennal neuromere, or the prosocerebrum. This is in agreement with the view of Larink

(1970) and the view of Malzacher (1968) who lists the following sequence:

Archicerebrum — Optic ganglia

corpora pedunculata

Preantennal neuromere - Neurosecretory cells of the pars intercerebralis

Protocerebral bridge

Central body

Accessory lobe (Nebenlappen)

Antennal neuromere — Deutocerebrum

Intercalary neuromere — Tritocerebrum

I have illustrated this diagrammatically in Fig. 20.

In many orders of the Hemimetabola innervation of the clypeolabral muscles is via the
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nervus connectivus, the frontal ganglion, and the nervus procurrens. Scholl ( 1 969) believes

that this was the original mode of innervation and that innervation via the labral nerve is a

secondary acquisition. I have illustrated this in Fig. 21.

I now want to summarize my argument. The ancestors of the insects were annelid-like.

The prostomium housed the archicerebrum, or primitive brain. All other ganglia were postoral

(Fig. 22). The next forward step involved the acquisition of a haemocoel, a cuticle, segment-

al appendages, and apodemes for improved muscle attachment (Fig. 23). Over a period of

milhons of years cephalization involved a progressive shift of ganglia forward into a preoral

position. The first one to join the archicerebrum was the labral (Fig. 24). While the archi-

cerebrum began to shift dorsad and caudad, the labrum (a pair of fused appendages) shifted

caudad to form a preoral cavity. We observe this phenomenon today in embryonic develop-

ment. The labral nerve is the nervus connectivus. The next ganglion to shift into a preoral

position is the antennal (Fig. 25). Finally the tritocerebral ganglion did phylogenetically what

it does today ontogenetically. It too shifts from a postoral into a preoral position. The man-

dibular, maxillary and labial ganglia move forward, fuse, but retain their postoral position.

The insect head thus consists of an acron and six metameres (Fig. 26). The appendages of

the first metamere fuse to form the labrum; the appendages of the second become the anten-

nae; those of the third are lost, although occasionally present in the early embryo. The ap-

pendages of the fourth, fifth and sixth segments develop into the mandibles, maxillae and

labium respectively.

The theory proposed here is in line with the classical theory of a six-segmented insect head,

and I beheve it is in close agreement with the facts as we know them today.
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FIGURE LEGENDS

Fig. 1. The theory of Head Segmentation by Snodgrass.

Fig. 2. The DuPorte Theory.

Fig. 3. The Butt Theory.

Fig. 4. The Ferris Theory.

Fig. 5. The Sharov Theory.

Fig. 6. The Roonwal Theory.

Fig. 7. The Chaudonneret Theory.

Fig. 8. The Matsuda Theory.

Fig. 9. The Imms-Manton Theory.

Fig. 1 0. The Eastham Theory.

Fig. 11. The Tiegs-Weber Theory.

Fig. 1 2. The Scholl-Rempel-Church Theory.

Fig. 13. The embryo to show appendages and somites. Redrawn from Eastham, 1930, modified.

Fig. 14. Parasagittal section of 60h embryo of Lytta viridana to show coelomic sacs. Note

intercalary segment.

Fig. 1 5. Parasagittal section of 70h embryo to show formation of ganglia. Note tritocerebral

ganglion.

Fig. 16. Parasagittal section of 80h embryo. Note: tritocerebrum as part of the brain; antennal

coelomic sac; intercalary apodeme or anterior tentorial arm; maxillary apodeme or

posterior tentorial arm; suboesophageal ganglion.

Fig. 17. Hypothetical arrangement of cephalic apodemes according to Matsuda, 1965.

Fig. 1 8. Diagram to show arrangement of cephalic apodemes in embryo of Lytta viridana.

Fig. 1 9. Diagram to show tentorium, labral apodemes, antennal apodemes (mandibular ex-

tensor apodeme), mandibular apodeme (mandibular flexor apodeme), labial apo-

demes (labial diverticula). 132h embryo of Lytta viridana.

Fig. 20. Diagram to show archicerebrum and segmental cephalic ganglia and important

cephalic nerves, ventral view.

Fig. 21. As in Fig. 20, lateral view.

Fig. 22. A. Annelid-like ancestor of insects to show postoral arrangement of future cephalic

ganglia. Note prostomium with archicerebrum. B. As above, dorsal view of archi-

cerebrum and nerve cord.

Fig. 23. Same as Fig. 22 A, but with cuticle, segmental appendages, and apodemes.

Fig. 24. A. Hypothetical arthropod in which the first ganglion has shifted into a preoral

position to form the prosocerebrum, ganglion of the labral segment. B. As above,

dorsal view of brain and nerve cord.

Fig. 25. A. Arthropod with primary syncerebrum (Weber) (= archicerebrum, prosocerebrum,

deutocerebrum). B. As above, dorsal view.

Fig. 26. A. Insect head. The tritocerebrum (ganglion of intercalary segment) has moved into

a preoral position to become part of the brain. The ganglia of the gnathal segments

fuse to form the suboesophageal ganglion. B. As above, dorsal view.
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THEORIES OF HEAD SEGMENTATION IN INSECTS

Snodgrass, 1960

HEAD OF INSECT

Acron + 4 segments

1- intercalary

2- mandibular

3- maxillary

4- labial

Labrum and Antenna
not appendiculate,

part of acron

Du Porte, 1963

Butt, 1960 Ferris, 1950

HEAD OF INSECT

Acron + 4 segments

1-

intercalary

2-

mandibular

3-

maxillary

4-

labial

Labrum appendiculate,

part of intercalary segment

Antenna not appendiculate, part of acron

HEAD OF INSECT

Acron absent .

6 segments

1- labral

2-

clypeal

3-

oculo- antennal

4-

mandibular

5-

maxiliary

6-

labial

intercalary absent

Sharov, 1966 Roonwal, 1938

HEAD OF INSECT

Acron absent .

7 segments

1- labral

2-

preantennal (ocular)

3-

antenna I

4-

intercalary

5-

mandibular

6-

maxillary

7- labial

HEAD OF INSECT

Acron absent
,

7 segments

1- labral

2- preantennal

3-

antenna I

4-

intercalary

5-

mandibular

6-

maxillary

7-

labial

Labrum appendiculate

Quaest. Ent., 1975, 11 (1)
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THEORIES OF HEAD SEGMENTATION IN INSECTS

Chaudonneret, 1966

HEAD OF INSECT

Acron small, hidden

7 segments

1-

preantenna I

2-

antenna I

3-

intercalary

4-

superlinguai

5-

mandibular

6-

maxillary

7-

labia I

8 Matsuda, 1965

HEAD OF INSECT

Acron large
,

5 segments

1-

antennal

2-

intercalary

3-

mandibular

4-

maxillary

5-

labial

9 lmms,1957;Manton, I960, 1964 10 Eastham,1930

HEAD OF INSECT

Acron + 6 segments

1-

preantenna I

2-

antennal

3-

intercalary

4-

mandibular

5-

maxillary

6-

labial

HEAD OF INSECT

Acron absent,

6 segments

1-

labral

2-

antennal

3-

intercalary

4-

mandibular

5-

maxillary

6-

labia I

Labrum appendiculate,

Premandibular appendages present, vestigial

11 Tiegs, 1940, 1947; Weber, 1952

HEAD OF INSECT

Acron + 6 segments

1-

preantennal

2-

antennal

3-

intercalary

4-

mandibular

5-

maxillary

6-

labial

12 Scholl, 1969; Rempel & Church, 1971

HEAD OF INSECT

Labrum composite, hence not appendiculate Labrum appendiculate
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13 bbrum 14 15 16

17 Apodemes 18 Apodemes 19 Tentorium

antenna!

-intercalary

mandibular

maxillary-

labial

20

labral

intercalary

antennal

mandible

tentorium

-maxillary

labial diverticula

21

corpus pedunculatum

archicerebrum

prosocerebrum

deutocerebrum

tritocerebrum

archicerebrum

prosocerebrum

deutocerebrum

tritocerebrum

commissure

labral nerve

nervus connectivus

nervus recurrens

frontal ganglion

nervus procurrens

commissure
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22

arc hicerebrum

proslomium ‘ ^mouth

prosocerebrum appendage

2> A

apodeme

^ labrum
^ ^ apodeme anterior tentorial arm

deutocerebrum

antennal segment
/

nervus connectives

labral apodeme
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Larval and adult antennae, in both Frankliniella fusca^^c? Haplothrips verbasci, consist of

seven and eight segments respectively. In adults of both species and in larvae o/F. fusca, the

antennae are raised and lowered by levator and depressor muscles inserting into the bases of

the scapi and originating on the anterior tentorial arms. Both these muscles, in larvae o/H.

verbasci, have additional branches originating on the vertex of the head.

Propupal antennae in F. fusca are short, weakly segmented and forward-directed; those of

pupae unsegmented and flexed dorsally over the head and prothorax. During the quiescent

stages, both the extrinsic and intrinsic antennal muscles maintain their myofibrils but cease

to function because they are no longer attached to cuticle. They increase slightly in diameter

and considerably in length, but are unchanged otherwise.

During the larva Il-propupal apolysis o/H. verbasci, all larval head muscles contract max-

imally; their myofibrils degenerating shortly thereafter. This contraction, plus changes in cell

shape probably cause the complete withdrawal of epidermis from within the larva II antennae.

At ecdysis, the propupal antennae are evaginated from epidermal pockets as short, unsegment-

ed stubs. In the two pupal stages, they remain unsegmented but lengthen posteriorly along

either side of the head. Imaginal segmentation and myofibrils begin to differentiate in the

exuvial pharate adult stage.

Sense organs are similar in type, position, and number in larvae of both species but are very

different in adults. No obvious sexual differences exist in the imaginal antennae of either

species except for their smaller size in males.

The Johnston s Organ, in larvae o/F. fusca, consists of three chordotonal organs having

two scolopidia each; in H. verbasci offour having two or three each. In both species, the

Johnstons Organ is carried through metamorphosis, two (H. verbasci) or three fF. fusca)

chordotonal organs and additional scolopidia being added to each during the quiescent stages.

Antennal structure and development in thrips is compared with that occurring in other

insects and an hypothesis is offered to explain the origin of the differences in antennal meta-

morphosis existing between the two species. It is concluded that the drastic events occurring

in H. verbasci other phlaeothripids have probably evolved in conjunction with the adoption,

by this family, of a primarily cryptophilous existence.

Les antennes de Frankliniella fusca et de /’Haplothrips verbasci aux stades larvaires et adultes

consistent respectivement de sept et huit articles. Chez les adultes de chaque espece et la larve

de F. fusca les antennes sont elevees et abaissees par les muscles levateurs et depresseurs. Ces

muscles sont attaches a la base des scapes antennaires et sur Vembranchement anterieur du

tentorium. Ces deux muscles chez la larve de H. verbasci ont des embranchements additionnels

allant sur le vertex de la tete.

Les antennes de la propupe de F. fusca sont courtes, faiblement articulees et dirigees anter-

ieurement; celles de la pupe ne sont pas articulees et sont orientees dorsalement au-dessus de

la tete et du prothorax. Lors des stades inactifs, les muscles intrinseques et extrinseques

des antennes maintiennent leurs myofibrilles mais cessent toutes fonctions car Us ne sont plus
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attaches a la cuticule. Elies out un diametre legerement plus grand et sont tres allongees, mats

demeurent inchangees autrernent.

Lors de Vapolyse de la seconde larve-propupale de /’H. verbasci tons les muscles larvaires

de la tete se contractent au maximum; les myofibrilles degenerent peu apres. Cette contraction

avec un changement dans la forme des cellules epidermiques probablement provoque le de-

tachement complet de Vepiderme a Vinterieur de Vantenne de la seconde larve. Lors de la

metamorphose les antennes de la propupe apparaissent comme des petites projections de Vepi-

derme et nest pas articulees. Durant les deux stades de la pupe les antennes demeurent in-

articulees mais s’allongent posterieurement de chaque cote de la tete. Chez Vimago la segment-

ation et les myofibrilles commencent a se differencier lors de la formation de Vimago a Vinterieur

de la pupe (Pharate stage).

Les organes des sens sont similaires au point de vue de la forme, de la position et du nombre

chez les larves des deux especes mais Us sont differents chez les adultes. II n’y a aucune difference

sexuelle evidente entre les antennes des adultes des deux especes excepte qu’elles sont plus

courtes chez les males.

L’organe de Johnston, chez les larves de F. fusca consiste de trois organes chordotonaux

pourvus chacun de deux scolopidia; chez cefles d’R. verbasci de quatre organes chordotonaux

ayant chacun deux ou trois scolopidia. L’organe de Johnston est preserve durant les metamor-

phoses, mais deux fH. verbascij ou trois (F. fuscaj organes chordotonaux et des scolopidia

additionels sont adjoutes durant les stades inactifs.

La structure et le development des antennes chez les thysanopteres sont compares aux autres

insectes et une hypothese est offerte pour expliquer Vorigine des differences observees entre les

deux especes lors de la metamorphose des antennes. Nous concluons que les evennements im-

portants se deroulant chez /’H. verbasci et les autres phlaeothripides ont probablement evolues

conjointement avec Vadoption d’un mode de vie principalement cryptophile chez cette famille.
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INTRODUCTION

The antennae of adult Thysanoptera are their best known structures because of their impor-

tance in taxonomy. This is due to the diversity of shapes, lengths and numbers of their seg-

ments and to the numbers and kinds of sense organs present on these segments in different

taxa (Doeksen, 1941
;
Priesner, 1960). The two larval stages have smaller antennae differing

structurally from those of the adults (Priesner, 1960), while those of the quiescent instars

(propupa and pupa in Terebrantia; propupa, pupa I and pupa II in Tubulifera) have reduced

segmentation or lack it completely and are flexed dorsally over (Terebrantia) or laterally be-

side (Tubulifera) the head (Priesner, 1960; Lewis, 1973).

Meiis (1934b), Risler (1957) and Mickoleit (1963) have described the structure and muscu-

lature of the adult antennae of several species of Aeolothripidae, Thripidae and Phlaeothripidae,

while Meiis (1934b), Davies (1969) and Haga (1974) have briefly discussed larval structure

and metamorphosis of the antennae in representative species of Phlaeothripidae and Thripidae.
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Abbreviations Used in Figs. 1-87

a. anterior L. II c. s. pedicellar campaniform

a. c. adult cuticle sensillum of larva II

antf antennifer(s) L. II. dep. ant. antennal depressor muscle

ant. nv. antennal nerve of larva II

ant. s. antennal socket L. II. dep. ant. c. cranial branch of antennal

ap. s. o. apical sense organ(s) depressor muscle of larva II

at. anterior tentorial arm(s) L. II e. retracting epidermis of larva

b. c. haemocyte II antenna

b. m. basement membrane L. II. lev. ant. antennal levator muscle of

c. a. cell in anaphase larva II

c. m. cell in metaphase L. II. lev. ant. c. cranial branch of antennal

c. p. cell in prophase levator muscle of larva II

c. pg. coeloconic peg(s) L. II. omtd. larva II ommatidia

c. r. cuticular ring L. II ped. larva II pedicel

c. s. pedicellar campaniform L. II. scp. larva II scape

sensillum L. II. scp. m. scape muscles of larva II

c. t. cell in telophase m. medial

d. dorsal mb. c. membranous cuticle

dep. ant. antennal depressor md. s. o. mandibular stylet-secreting

muscle organ

dep. ant. c. cranial branch of anten- m. t. microtrichea

nal depressor muscle p. c. pupal cuticle

dil. cib. cibarial dilator muscles p. c. s. pedicellar campaniform sen-

d. seg. developing adult antennal sillum of pupa

segments ped. pedicel

d. sh. s. o. dendritic sheath of p. n. degenerating (pycnotic)

sense organ nucleus

d. ter. dendritic terminals of pro. ant. propupal antenna

Johnston’s Organ pro. c. propupal cuticle

d. t.-w. chr. developing thin-walled pro. c. s. pedicellar campaniform

chemoreceptors sensillum of propupa

e. adult compound eye p. I. c. pupa I cuticle

ext. ant. antennal extensor muscle p. I. c. s. pedicellar campaniform

fl- flagellum sensillum of pupa I

fix. ant. antennal flexor muscle p. I. t. h. pupa I tactile hair

img. e. dc. imaginal disc of com- p. II c. pupa II cuticle

pound eye p. II. c. s. pedicellar campaniform

invg. pro. ant. invaginated pouch con- sensillum of pupa II

taining propupal an- p. II t. h. pupa II tactile hair

tenna sarc. sarcolemma

J. 0. Johnston’s Organ s. cl. group(s) of sensory neurons

lev. ant. antennal levator muscle s. cl. J. 0. sensory neurons of

lev. ant. c. cranial branch of antennal Johnston’s Organ

levator muscle SCO. J. 0. scolopidia of Johnston’s

L. I. at. anterior tentorial arm Organ

of larva I scp. scape

L. I. c. larva I cuticle scp. m. scape (= intrinsic) muscles

L. I. c. s. pedicellar campaniform t. cl. trichogen cell

sensillum of larva I t. h. tactile hair

L. II. at. anterior tentorial arm tra. trachea

of larva II t.-w. chr. thin-walled chemo-

L. II. ant. s. larva II antennal socket receptor(s)

L. II c. larva II cuticle V. ventral

L. II. cr. corneae of larva II eyes

Quaest. Ent., 1975, 1 1 (1)
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The ultrastructure of the imaginal, antennal sense organs of Bagnalliella yuccae (Hinds) (Phlaeo-

thripidae) and Frankliniella tritici (Fitch) (Thripidae) has recently been described by Slifer and

Sekhon (1974) (reprint was received after this study was completed).

As part of a continuing study of metamorphosis in thrips (see Heming (1973) for a summary

of previous work), I here describe the structure and postembryogenesis of the antennae of two

species, each representing one of the thysanopteran suborders. Development is compared with

that occurring in other insects and an attempt is made to explain the origin of the differences

between terebrantian and tubuliferan antennal metamorphosis.

METHODS

Cleared and uncleared whole mounts (Heming, 1969) and serial sections (Heming, 1970,

1971) were prepared of all stages of both sexes of Frankliniella fusca (Hinds) (Thripidae) and

Haplothrips verbasci (Osborn) (Phlaeothripidae). Unmacerated whole mounts were studied

under phase contrast and polarized light to show internal details, while sense organs were ex-

amined with phase contrast in cleared specimens mounted in Hoyer’s medium (this medium

has optical properties superior to those of Canada balsam). Illustrations were drawn with the

aid of a drawing attachment through a Wild M20 microscope.

Specimens of all stages of H. verbasci were killed in hot water, washed in detergent, and

prepared for scanning electron microscopy using the critical point drying technique (Hearle

et.al., 1972, pp. 197-198). Observations on living//, verbasci were made at low and high (x500)

magnifications as previously described (Heming, 1971, 1972). Representatives of this species

were reared on potted mullein {Verbascum thapsus L.) in the laboratory.

I also examined Canada balsam whole mounts of specimens of all stages of Taeniothrips

simplex (Morison) (Thripidae), Selenothrips rubrocinctus (Girard) (Thripidae), Partheno thrips

dracaenae (Heeger) (Thripidae), Haplothrips graminis Hood (Phlaeothripidae), Gynaiko thrips

uzeli Zimmemiann (Phlaeothripidae), Haplothrips sp. (Phlaeothripidae) and Euoplothrips sp.

(Phlaeothripidae).

Illustrations in this paper are arranged by instar. Antennal postembryogenesis in F. fusca

is illustrated in Figs. 1-33 and in H verbasci in Figs. 34-87. Positions and angles of sections

are indicated by numbered arrows on drawings of the entire antenna. Arrows having numbers

in parentheses indicate that the sections in question were made from specimens at different

stages in development than were the whole mounts used to make the drawings. Those with

underlined numbers mark the positions of frontal sections.

OBSERVATIONS

Frankliniella fusca

Under summer conditions in South Carolina, F. fusca has a generation time of about 16.7

days with 6.7, 2.8, 3.5, 1.1 and 2.6 days spent, respectively in the egg, first and second larval,

propupal and pupal stages (Watts, 1934). The species is polyphagous and specializes on seed-

lings. Larvae congregate at the growing points of plants, adults there or in flowers and propupae

and pupae within the leaf sheaths (Heming, 1970) or in the soil (Eddy and Livingstone, 1931

;

Newsom et.al., 1953).

Larval Stages (Figs. 1-11).

Structure. — Antennae of the two larval stages are practically identical except for size (Figs.

1, 9). Each consists of a scape (scp.), a pedicel (ped.), and five flagellar segments (fl.) (usually

called subsegments because they lack muscles). The scape of each antenna is inserted into a
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socket (ant. s.) in the head capsule and is articulated to it by means of weakly-developed lat-

eral and median condyles (antennifers) extending inwards from the socket rim (not shown in

figures because of their position). Large areas of membranous cuticle are present in each socket

dorsal and ventral to the scape, allowing each antenna to be raised and lowered by levator (lev.

ant.) and depressor (dep. ant.) muscles originating on the anterior tentorial arms (at.) of the

head capsule and inserting, respectively, into the dorsal and ventral margins of the scape base

(Figs. 6-8). Each of these muscles consists of three fibres (Fig. 8).

Figs. 1-5. F. fusca. Larval: Fig. 1. Right antenna, dorsal aspect. Fig. 2. Same, optical section. In this and many other illustra-

tions, the hatching represents epidermal and sensory ceUs. Fig. 3. Transverse section through pedicel and Johnston’s Organ
taken at point indicated by arrow in Fig. 1. Pharate larva II: Fig. 4. Right antenna, dorsal aspect, showing developing larva
II antenna (Note that most larva I sensilla omitted from drawing). Fig. 5. Transverse section through pedicel and Johnston’s
Organ taken at point indicated by arrow in Fig. 4.

The pedicel (ped.) articulates with the scape (scp.) by means of a single dorsal condyle

(Figs. 1, 9) in the apex of the latter and is flexed laterally and extended anteriorly by flexor

(fix. ant.) and extensor (ext. ant.) muscles within the scape (Figs. 2, 6, 10). These muscles

each consist of three fibres (Fig. 14), are inserted into the base of the pedicel on either side

of the condyle, and arise proximally on the lateral and medial walls of the scape. The narrow

Quaest. Ent., 1975, 11 (1)
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ant. s.

Figs. 6-14. F. fusca. Larva II: Fig. 6. Ventral aspect of head, showing origins and insertions of intrinsic (fix. ant.; ext. ant.)

and extrinsic (lev. ant.; dep. ant.) antennal muscles (all setae have been omitted). Fig. 7. Oblique, parasagittal section taken

at point indicated by arrow in Fig. 6., showing origins and insertions of antennal levator (lev. ant.) and depressor (dep. ant.)

muscles. Fig. 8. Transverse section taken at point indicated by arrows in Figs. 6 and 7. Note the 3 fibres of each muscle.

Fig. 9. Right antenna, dorsal aspect. Fig. 10. Same, optical section. Fig. 11. Transverse section through pedicel taken at

point indicated by arrow in Fig. 9. Pharate Propupa: Fig. 12. Right antenna, dorsal aspect (Note: Most larva II sensilla omitted

from drawing). Fig. 13. Transverse section through pedicel taken at point indicated by arrow in Fig. 12. Fig. 14. Same, through

scape and antennal flexor (fix. ant.) and extensor (ext. ant.) muscles. Section taken at point indicated by arrow in Fig. 12.



Antennal Structure and Metamorphosis in Thysanoptera 31

base of the first flagellar segment (usually called the “pedicel” by thysanopterists) articulates

with the pedicel via dorsal and ventral condyles in the latter’s apex (Figs. 1, 9). Therefore, each

antenna has two points of flexion and extension: the scape-pedicellar and the pedicel-flagellar

joints.

Antennal segments three and four in both larval instars consist respectively of five and six

lightly-sclerotized rings of cuticle (Figs. 1, 9). In segment four, rings two to five each subtend

a whorl of delicate microtricheae (m. t.).

Sense Organs. — The antennal sense organs of larval F. fusca are illustrated in part in Figs.

1-3 and 9-1 1 and are listed in Table I for the second-stage larva. They are identical in larvae

of both sexes and instars except where indicated. Not all sensilla listed are illustrated because

they are either ventrally located or are too small to show up at the magnification of the draw-

ings.

Table I. Sense organs on the antenna of the larva II of F. fusca (N = 8).

tactile campaniform Johnston’s thin-walled coeloconic apical

Segment hairs sensilla Organ chemoreceptors pegs sense organs

1 4(2 in

Larva I)

2 5 1 1 (3 chordo-

tonal organs)

3 4 1 (ventral) 1 3

4 4(3) 2

5 3 1 1

6 3 1 1

7 6

Totals 29 1 1 5 3 3

Grand Total 42

The Johnston’s Organ (J. O.) in larvae of F. fusca (Figs. 2, 3, 5, 10, 11) consists of three

chordotonal organs each containing two scolopidia (sco. J. O.). Some of these appear to be

innervated by one and others by two sensory neurons according to whether they contain one

or two ciliary dilations (note dots inside each scolopale), but this requires verification by

transmission electron microscopy. The cap cells of each organ insert into the articular mem-
brane at the base of the first flagellar segment; the ligament of each arising basally on the walls

of the pedicel (ped.) (Figs. 2, 10). The cell bodies of the sensory neurons innervating the organ

(s. cl. J. O.) are situated basally within the pedicel with their axons joining the antennal nerve

(ant. nv.) proximally (Figs. 2, 10). This nerve continues posteriorly through the small larval

head and eventually enters the deutocerebrum of the brain, the latter being situated in the

prothorax.

The three apical sense organs (ap. s. o.) of antennal segment three (Figs. 1, 9) appear to

be universal in thrips as they are present in larvae and adults of both F. fusca and H. verbasci

Quaest. Enl, 1975, 11 (1)
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(see below).

That portion of the antennal lumen occupied by epidermal and sensory cells (s. cl.) is shown

in optical section (by hatching) in Figs. 2 and 10. Details are difficult to observe, even with

phase contrast, because of the presence of obscuring yellow pigment granules within the epi-

dermal cells. The antennal nerve bifurcates at the base of the first flagellar segment, each

branch penetrating the basement membrane of the antennal epidermis laterally (Figs. 2, 10).

Each branch then continues distally periodically receiving axons from the sensory neurones

of the antennal sensilla.

Larva I-Larva II Moult. — Shortly before the end of the first instar, the mitotic rate increases

in the epidermis of each antenna. Apolysis then occurs, including the origins and insertions

of Johnston’s Organ and the extrinsic and intrinsic antennal muscles. This is followed by secre-

tion of a new, larger, second-instar cuticle inside the first (Figs. 4, 5). As soon as this secretion

begins, the ends of Johnston’s Organ and muscles attach to the new cuticle. All sense organs

are duplicated exactly except that two additional tactile hairs (t. h.) develop on each scape.

Each sensillum develops as a cytoplasmic extension of a trichogen cell around which cuticle

is subsequently deposited. If a particular developing sensillum is unable to fit into the space

available for it within the first stage cuticle, it is bent at the socket only. The cuticle of the

second-instar antennal segments is deposited in a folded state (Fig. 4) and space is left apically

in each first-stage antenna for the formation of the second-stage apical hairs. A dendritic sheath

(d. sh. s. o.) is observed in some preparations extending through a central pore in the second-

instar campaniform sensillum (L. II. c. s.) to the dome of that of the first (L. I. c. s.) (Figs. 4,

5), indicating that the first-instar sensilla function in the pharate second-instar. Such sheaths

are probably associated with all sensilla but were not visible in either whole mount or section-

ed preparations. The pharate larva II can move its antennae only slightly because their muscles

detached from the flrst-instar cuticle at apolysis.

Shortly before ecdysis, the larva becomes quiescent. At ecdysis, the first-instar head capsule

splits medially, with each new second-instar antenna being pulled out of the base of the first.

This requires that the new flagellar segments of each antenna be pulled through the very nar-

row base of the first-instar flagellar segment (Fig. 4).

As soon as its old cuticle is shed, the larva swallows air, contracts its abdominal muscles,

increases the blood pressure in its appendages, and stretches out the new second-instar cuticle.

Sclerotization follows shortly thereafter.

Propupa (Figs. 12-1 7).

Larva Il-Propupal Moult. — The details of apolysis and ecdysis at this moult are similar to

those of the previous one just described, except that in the cuticular pharate phase, the ex-

trinsic and intrinsic antennal muscles do not attach to the propupal cuticle as it is deposited

(Figs. 12-14). In addition, whereas the larval moult always takes place on the host plant, this

one usually occurs in the pupation site, either in a protected place on the host, or in the soil,

both areas having been entered by the larva before moulting takes place.

Structure. — The propupal antennae of F. fusca, although directed anteriorly, are short, are

of membranous cuticle, and lack well defined segmentation (Fig. 15). Just distal to the pro-

pupal campaniform sensillum (pro. c. s.), a deep, circular, annulus separates pedicellar and

flagellar regions. Three additional, weakly-developed, annuli suggest additional segmentation.

The homologies of these “segments” with their larval counterparts are best seen in pharate

propupae (Fig. 12).

The extrinsic (lev. ant.; dep. ant.) and intrinsic (fix. ant.; ext. ant.; scp. m.) muscles of the

larval antennae are unaltered in the propupal stage and maintain their birefringence (Figs. 14,

16, 17, 19). However, they do not function because they originate and insert in epidermis
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10jjm

Figs. 15-19. F. fusca. Propupa: Fig. 15. Right antenna, dorsal aspect. Fig. 16. Same, optical section.Note presence of scape

muscles (flx. ant; ext. ant). Fig. 17. Transverse section through head taken at point indicated by arrow in Fig. 6. Note

presence of extrinsic antennal muscles (lev. ant.; dep. ant.). Pharate Pupa: Fig. 18. Right antenna, dorsal aspect (Note: Most

propupal sensilla omitted from drawing). Fig. 19. Oblique sagittal section of base of antenna taken at point and angle indicated

by arrow in Fig. 18. Note J.O. scolopidia (sco. J. O.) and intrinsic (scp. m.) and extrinsic (lev. ant.; dep. ant.) antennal muscles.

rather than on propupal cuticle (Figs. 16, 19). Propupae are probably unable to move their

antennae because of this and because these appendages lack functional articulations.

Sense Organs. — Sensilla of the propupal scape and pedicellar regions are similar to those

of larvae, although the tactile hairs are longer and more delicate, and arise from raised sockets

(Fig. 1 5). Only two, well-developed thin-walled chemoreceptors (t.-w. chr.) are visible on the

flagellum, and many of its tactile hairs (t. h.) are either absent or much reduced (compare

Fig. 9 and 1 5).

The larval Johnston’s Organ (J. O.; sco. J. O.; s. cl. J. O.) is carried through unaltered into

Quaest. Ent., 1975, 11 (1)
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the propupal stage (Figs. 13, 16, 19) but, like the musculature, has its origins and insertions

in epidermis rather than in propupal cuticle. Thus, it probably ceases to function in this instar

too.

Pupa (Figs. 1 8-21 ).

Propupal-Pupal Moult. — The details of apolysis, cuticle deposition and ecdysis in this

moult are similar to those of the previous one (compare Figs. 12 and 18), and, again, take

place in the hidden pupation site of the insect. The main events occurring in each antenna are

(1) an increase in its length, (2) an increasing complexity in its Johnston’s Organ, and (3) its

dorsal flexion over the head and prothorax. Events (1) and (3) are both evident in the pharate

pupal stage (Figs. 18 and 19). The larger pupal cuticle (p. c.), developing within the propupal

cuticle (pro. c.), is deeply folded, particularly in the flagellar region and on the ventral side

of the scape and pedicel. When the pupa emerges and expands its new cuticle, these folds

straighten out. The expansion of the ventral folds causes each antenna to bend slowly back

over the head, and of the flagellar ones to almost double the length of the flagellar region

(compare Fig. 1 5 and 20).

The Johnston’s Organ (sco. J. O.; J. O.) in the propupa has its long axis slanted forward

and upward at an angle of about 30° (Fig. 19). At pupal emergence it is flipped over vertically

through an arc of about 90° with the result that its apex eventually points posteriorly at an

elevation of about 60° (Figs. 21, 22). This movement is passive and is due completely to the

expansion of pupal cuticle carrying along the underlying epidermis into which the apex of the

organ is inserted.

During the pharate pupal and young pupal stages, three new chordotonal organs develop

(for a total of six) and additional sensory elements are added to those already present (for a

total of from three to five scolopidia per scoloparium) (compare Figs. 13 and 25). Since these

have their imaginal form by the exuvial pharate adult stage (Fig. 25), the differentiative div-

isions responsible for their formation must occur earlier in the exuvial pharate pupal to newly-

emerged pupal periods. Unfortunately, most preparations of animals at this stage in their

development do not show the antennae to best advantage (frontal sections of the whole ani-

mal are the only ones of use) and those that do (e.g. Fig. 19 of a pharate pupa) show no evi-

dence of increased mitotic activity. Therefore, more detailed study at this period of develop-

ment, preferably with the transmission electron microscope, is required before positive con-

clusions can be drawn.

Structure. — The pupal antennae of F. fusca are of membranous cuticle, lack segmentation

completely, and are bent back dorsally over the head and prothorax (Fig. 20 — a lateral view).

As in the previous stage, both the extrinsic and intrinsic antennal muscles maintain their bire-

fringence, and, presumably, their ability to function, even though they are unable to do so

productively. As in the previous stage, they originate and insert in epidermis rather than in

cuticle (Figs. 19, 23, 24).

Sense Organs. — It is difficult, except for those of the pedicellar region (pupal campaniform

sensillum and Johnston’s Organ), to homologize the sensilla of this stage with those of the

propupa and adult. There are three, sub-apical, thin-walled chemoreceptors (t.-w. chr.). Most

tactile hairs (t. h.) arise from sockets that are higher than those of the propupa (Fig. 20). The

apex of each antenna bears six or seven protuberances, each topped by a tiny seta (t. h.). Some

setae which were short in the propupa are long in the pupa and vice versa. Numerous addition-

al small sense organs, just visible at the maximum resolving power of the light microscope, are

scattered throughout the length of the flagellar region.

Although difficult to see because of its position, a pedicellar campaniform sensillum (p. c. s.)

is situated at the base of each pupal antenna just behind its point of dorsal flexion (Figs. 20-
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Figs. 20-27. F. fusca. Newly-emerged Pupa: Fig. 20. Right antenna, lateral aspect. Fig. 21. Same, optical section. Note groups

of imaginal sensory neurons (s. cl.). Exuvial Pharate Adult: Fig. 22. Right antenna, optical section. Note developing adult

antennal segments (d. seg.). Fig. 23. Oblique frontal section through developing scape and pedicel taken at point shown by

arrow in Fig. 20. Note scape muscles (scp. m.), blood cells (b. c.), and degenerating epidermal nuclei (p. n.). Fig. 24. Trans-

verse section through developing scape taken at point indicated by arrow in Fig. 22. Fig. 25. Same, through pedicel taken

at point shown by arrow in Fig. 22. Compare with Fig. 13 and note additional chordotonal organs (J. O.) and scolopidia

(SCO. J. O.). (Note that pupal cuticle omitted). Pharate Adult: Fig. 26. Right antenna, lateral aspect. Note that bases of

antennal segments 3-5 are telescoped, into their respective segments-and also the positions of the imaginal tactile hairs (t. h.).

(Most sensiUa are omitted from pupal cuticle in the drawing). Fig. 27. Transverse section through head taken at point in-

dicated by arrow in Fig. 28. Compare with Figs. 8 and 17 and note similarity in extrinsic antennal muscles (lev. ant.; dep.

ant.) in these stages.

Quaest. Ent., 1975, 11 (1)
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22, 26). In the pharate pupa this sensillum is connected by a dendritic sheath (Fig. 18; d. sh.

s. o.) to its propupal equivalent (pro. c. s.).

Adult (Figs. 22-33).

Pupal-Adult Moult. — The actual pupal stage in F. fusca is very short, most time within the

pupal cuticle being spent as a pharate adult. Shortly after pupal emergence (Fig. 21), apolysis

occurs, the epidermal and sensory cells quickly assuming the configuration of the adult anten-

na (Fig. 22; hatching). Before imaginal cuticle deposition begins, a lengthened dendritic sheath

(d. sh. s. o.) is associated with the pupal campaniform sensillum (p. c. s.) (Fig. 22). In whole

mounts, many other pupal sensilla show similar, though finer sheaths. By this stage in develop-

ment, most internal structures of the antenna have assumed their final position (Figs. 22-25),

even though muscle fibres and scolopophorous organs have not yet connected to cuticle.

Adult tactile hairs (t. h.) and chemoreceptors (t.-w. chr.) develop and differentiate in the

same way as those of the larva II. The apices of each of the long, apical, tactile hairs (t. h.)

of the adult fit singly into apical protuberances available to them in the pupal antennal cuticle

(Fig. 26), suggesting that the two are homologous.

The cuticle of antennal segments two, six, seven, and eight is deposited in its fully expanded

configuration; whereas that of the scape (one) is thrown into folds, and that of the stalks of

segments three to five laid down telescoped into the bases of their respective segments (Fig.

26). The fully-expanded parts start to harden before adult emergence, the process continuing

in teneral individuals. When the adult emerges and expands its new cuticle, the folded and

telescoped portions straighten out, remaining lighter in colour than the remainder of the an-

tenna.

As imaginal cuticle deposition begins, the extrinsic and intrinsic antennal muscles, for the

first time since the second larval instar, re-attach to the cuticle. At first, this attachment is by

epidermal tendons; later, the myofibrils attach directly. Although they maintain their birefrin-

gence throughout metamorphosis, both groups of antennal muscles undergo some developmen-

tal changes in the pupa and pharate adult. The levator (lev. ant.) and depressor (dep. ant.)

muscles increase in length from about 43 jum in the larva II to about 75 pm in the adult female

and also in diameter (compare Figs. 27 and 28 with 6-8). Similar, though smaller changes occur

in the scape muscles (fix. ant; ext ant.; scp. m.) (compare Figs. 31 and 33 with 14 and 24).

Shortly after adult emergence, most antennal epidermal cells (as is true of those elsewhere

in the body) degenerate, leaving a thin epidermis with widely scattered nuclei in the mature

adult (compare Fig. 25 with 32 and 24 with 33).

Structure. - The imaginal antennae of F. fusca are similar in the two sexes but are smaller

in males. Each consists of a scape (scp.), a pedicel (ped.) and six flagellar segments (fl.) (Fig.

29). The scape of each is inserted into a socket (ant. s.) in the head capsule (Fig. 28) and is

articulated to it by means of small median and lateral antennifers extending inwards from the

socket rim (not shown because of their position). As in the larva, each antenna is raised and

lowered by levator (lev. ant.) and depressor (dep. ant.) muscles originating ventrally on the

anterior tentorial arms (at.) of the head capsule and inserting, respectively, into the dorsal

and ventral margins of the' scape base via short (9.0 pm) tendons (Figs. 27, 28). Each consists

usually of three (rarely of two) fibres (Fig. 27).

The base of the pedicel articulates with the scape by means of a large dorsal and a very small

ventral condyle borne at the apex of the latter. It is flexed laterally and extended anteriorly

by the scape muscles (fix. ant.; ext. ant.) (Figs. 28, 30, 31, 33). These consist of three fibres

each, as in the larva, and have the same origins and insertions.

Unlike that of larvae, the apex of the adult pedicel lacks dorsal and ventral condyles. In-

stead, a cuticular ring (c. r.) is present through which pass the cap cells of the Johnston’s Organ
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Figs. 28-33. F. fusca. Adult: Fig. 28. Dorsal aspect of head (9), showing origins and insertions of intrinsic (fix. ant; ext.

ant) and extrinsic (lev. ant.; dep. ant.) antennal muscles (All setae omitted). Fig. 29. Right antenna, dorsal aspect. Fig. 30.

Same, optical section. Fig. 31. Frontal section through scape (scp.) and pedicel (ped.) of left antenna taken at point indicated

by arrow in Fig. 29. Note position of Johnston’s Organ sensory neurons (s. cl. J. O.). Fig. 32. Transverse section through

pedicel taken at point shown in Fig. 30. Fig. 33. Same, through scape taken at point shown by arrow in Fig. 29. Compare

with Fig. 14.
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scolopidia (Figs. 29, 30).

Antennal segments two, three, four, five, and six bear, respectively, three, four, five, three,

and three whorls of microtrichia (m. t.) (Fig. 29). In females, all antennal segments are dark

brown, with segments three to five having yellowish stalks. Male antennae are yellow with

some light brown color in segments one to five.

Sense Organs. — The sense organs of the antenna of an adult female are illustrated in Figs.

26, 29, 31 and 32 and are listed in Table II. As can be seen by comparing Tables I and II, there

has been an increase in the number of tactile hairs (t. h.; from 29 to 53) and thin-walled

chemoreceptors (t.-w. chr.; from five to nine), but an apparent replacement of the apical

sense organs (ap. s. o.) of segment three of the larva by those of segment five of the adult. In

addition, most adult chemoreceptors, including the coeloconic pegs (c. pg.), differ in size,

shape and/or position from those of the larval stages (compare Fig. 29 with 1 and 9).

As already indicated, the imaginal Johnston’s Organ of F. fusca consists of six chordotonal

organs, each containing three to five scolopidia (Figs. 30-32). Since the latter are small and

not in register, a single transverse section (Fig. 32) does not show them all so that counts are

difficult to make. Since five were clearly visible in many of the sectioned organs, this is prob-

ably the number most characteristic.

As in larvae, some scolopidia appear to be innervated by one and others by two sensory

neurones according to the number of ciliary dilations visible inside each scolopidium (note

dots in Figs. 25 and 32). Insertions and origins of the chordotonal organs and the positions

occupied by their sensory cells (s. cl. J. O.) are approximately the same as those of larvae (Figs.

30, 31). The antennal nerve (ant. nv.) of each antenna (Fig. 30, 31) proximally, enters the

deutocerebrum of the brain; the latter now occupying the much larger adult head rather than

the prothorax. As in larvae, the nerve of each antenna bifurcates within the base of the first

flagellar segment (Fig. 30), the two branches coursing distally within the basement membrane

of the antennal epidermis.

Table II. Sense organs on the antenna of the adult female of F. fusca (N = 1 5).

tactile campaniform Johnston’s thin-walled coeloconic apical

Segment hairs sensilla Organ chemoreceptors pegs sense organs

1 11

2 7 1 1 (6 chordo-

tonal organs)

3 5 1 1

4 5 2

5 6 2 1 3

6 8 3 1

7 3 1 1

8 8(7)

Totals 53 1 1 9 4 3

Grand Total 71
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Haplothrips verbasci

H. verbasci is confined to plants of the genus Verbascum (Scrophulariaceae) (Priesner, 1928;

Bailey, 1939), the entire life cycle being spent on the host. The two larval stages congregate

near the growing apex of the flower stalk or in the flowers, where they feed on the inner sur-

faces of the sepals. The quiescent propupae, pupae I and pupae II are usually hidden between

the seed capsules and the sepals in the lower, older part of the inflorescence. Teneral adults

stay in their pupation sites but mature ones are found wandering and feeding everywhere,

particularly among the flowers.

Larval Stages (Figs. 34-43; 76-78).

Structure. — Antennae of the two larval stages of H. verbasci (Figs. 34, 35, 40, 41) contain

the same number of segments (seven) as those of F. fusca, but differ from them in shape. The

scape (scp.) of each is inserted into a socket (ant. s.) in the head capsule (Fig. 39) but is artic-

ulated to it by a single median antennifer only. Each antenna is raised and lowered by two

groups of extrinsic muscles. The first are identical to those of F. fusca and consist of levator

(lev. ant.) and depressor (dep. ant.) fibres originating ventrally on the anterior tentorial arms

(at.) and inserting respectively into the dorsal and ventral margins of the scape base (Figs.

38, 39). The second set (lev. ant. c.; dep. ant. c.) have the same insertions; but converge post-

erodorsally to a common origin mid-dorsally on the vertex of the cranium (Figs. 38, 39).

Proximally, the pedicel (ped.) articulates on dorsal and ventral condyles borne by the apex

of the scape (scp.) (only the dorsal one is present in larvae of F. fusca). It is flexed and ex-

tended by 3-fibred scape muscles (fix. ant.; ext. ant.; scp. m.) with origins and insertions

identical to those of F. fusca (Figs. 35, 37-39, 41, 42). As in F. fusca, the first flagellar seg-

ment articulates laterally and mesally on dorsal and ventral condyles borne by the apex of

the pedicel (Figs. 34, 40).

In hving larvae of both sexes and stages, mounted in water under a coverslip (Heming, 1972)

and viewed at X500, irregular pumping movements can be seen occurring just proximal to the

base of each antenna. These movements vary in rate in fresh specimens observed at room temp-

erature, from about 32 to 80 X per minute and are asynchronous in the two antennae. Usually,

one contracts more rapidly than the other, with the pump of either antenna beating the faster.

In specimens mounted venter uppermost, there appear to be two fibres to this pumping organ;

one inserted dorsally, the other ventrally into the basal margins of the scape. I am unsure of

their origins. In sections (Figs. 37, 38, 42), I have been unable to see muscular tissue in the

site of the “pump” other than that of the extrinsic antennal muscles (lev. ant.; dep. ant.;

lev. ant. c.; dep. ant. c.). Since they have approximately the same orientation as the antennal

tentorial muscles, I, at first, thought them to be the same. However, the “pumps” continue

to beat without interruption throughout the quiescent stages until the pharate adult, even

during the pharate propupal period when massive changes occur in the structure of the an-

tennae (see below). Since the contractile elements of the antennal muscles degenerate in the

propupa, the antennal “pumps” cannot be these muscles. The “pumps” are not apparent in

adults of either sex.

The cuticle of all seven larval segments is smooth and sclerotized and lacks the whorls of

microtrichea present in those of F. fusca. (Figs. 34, 40). The apical portions of segments two

to six, bearing the sensilla, are of unpigmented, thinner cuticle (mb. c.) (Figs. 34, 37, 40, 42,

43).

Sense Organs. — The antennal sense organs of larval H. verbasci are identical in both instars

and sexes. They are illustrated in part in Figs. 34, 35, 37, 40-43, 76-78 and are listed in Table

III. Despite superficial differences in antennal structure existing between larvae of H. verbasci

and F. fusca (compare Figs. 34 and 40 with 1 and 9), their sensilla are remarkably similar, both
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Figs. 34-38. H. verbasci Larva I: Fig. 34. Right antenna, dorsal aspect. Note the tiny coeloconic peg (c. pg.) on segment 6.

Fig. 35. Same, optical section. Pharate Larva II: Fig. 36. Right antenna, dorsal aspect, showing developing larva II antenna

(Note: Most larva I sensUla omitted). Fig. 37. Frontal section of scape (scp.) and pedicel (ped.) of right antenna taken at

point indicated by arrow in Fig. 36. Note that the origins of the Johnston’s Organ chordotonal organs (sco. J. O.) and the

scape muscles (fix. ant.; ext. ant.) are detached from the larva 1 cuticle (L. 1. c.). Fig. 38. Oblique parasagittal section of

head taken at point indicated by arrow in Fig. 39. Note the common insertions of the dorsal (lev. ant. c.; dep. ant. c.) and

ventral (lev. ant; dep. ant.) branches of the extrinsic antennal muscles and that these are detached at both ends from the

larva 1 cuticle (L. 1. c.).



Antennal Structure and Metamorphosis in Thysanoptera 41

ext. ant.

Figs. 39-43. H. verbascL Larva II: Fig. 39. Dorsolateral aspect of head, showing origins and insertions of intrinsic (fix. ant.;

ext. ant.) and extrinsic (lev. ant.; lev. ant. c.; dep. ant; dep. ant. c.) antennal muscles. Compare with Fig. 6 of F. fusca,

noting the additional, dorsal set of extrinsic antennal muscles (lev. ant c.; dep. ant. c.) of this species. (All setae are omitted).

Fig. 40. Right antenna, dorsal aspect. Fig. 41. Same, optical section. Fig. 42. Frontal section of scape (scp.) and pedicel

(ped.) of left antenna, taken at point indicated by arrow in Fig. 41. (Note: The structure labelled trachea (tra.) may be a

blood vessel). Fig. 43. Transverse section through pedicel taken at point indicated by arrow in Fig. 40. (Note: Johnston’s

Organ scolopidia (sco. J. O.) are not in register, so that not all are figured).
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in number and in relative position in each segment (compare Tables I and III). The only dif-

ferences are an apparent absence of three apical sense organs (ap. s. o.) from segment five of

larval F. fusca (these are very small and may well be present in both species), and a shifting

of the chemoreceptor (t.-w. chr.) of segment three to the dorsolateral side in H. verbasci (it

is ventral in F. fusca; note absence in Figs 1 and 9).

Table III. Sense organs on the antenna of the larva II of H. verbasci (N = 5).

tactile campaniform Johnston’s thin-walled coeloconic apical

Segment hairs sensilla Organ chemoreceptors pegs sense organs

1 4

2 5 1 1 (4 chord-

otonal organs)

3 4 1 1 3

4 3 2

5 3 1 1 3

6 3 1 1

7 6

Totals 28 1 1 5 3 6

Grand Total 44

The Johnston’s Organ (J. O.) in larvae of H. verbasci consists of four chordotonal organs

each containing two or three scolopidia (sco. J. O.) (Figs. 35, 37, 41-43 - contrasting with

three containing two in larvae of F. fusca). Scolopidial counts are difficult to make in larvae

of this species because they are not in register as they are in F. fusca. All scolopidia are prob-

ably associated with two sensory neurons as most contain two ciliary dilations (Fig. 43 — note

dots). The origins and insertions of the Johnston’s Organ and the disposition of its sensory

neurons are similar to those of F. fusca (Figs. 35 and 41). As in that species, the larval head

is relatively small so that the brain is situated in the prothorax. The nerve of each antenna

likewise bifurcates within the base of the first flagellar segment (Figs. 35, 41).

Larva I-Larva LI Moult. - Replacement of the first by the second-instar antennae in H.

verbasci transpires in the same way as described forF. fusca (Figs. 36-38). In the pharate

larva II (Fig. 36) the old (L. I. c. s.) and new (L. II. c. s.) pedicellar campaniform sensilla are

likewise connected by a dendritic sheath (d. sh. s. o.). During apolysis and ecdysis, the anten-

nal “pumps” continue to beat.

Propupa (Figs. 44-53; 79, 80).

Larva Il-Propupal Moult. — The events occurring during replacement of the second larval

by the propupal antennae in H. verbasci are far more complex than those taking place in F.

fusca. At the larva Il-propupal apolysis, all cells within each larval antenna detach from the

cuticle and withdraw caudally down the length of the antenna into the head capsule (Fig. 44).



Antennal Structure and Metamorphosis in Thysanoptera 43

Figs. 44-48. H. verbascL Exuvial Pharate Propupa: Fig. 44. Right antenna, optical section, showing larval antennal epidermis

(L. II. e.) being withdrawn proximally. Pharate Propupa: Fig. 45. Dorsal aspect of head, showing propupal antenna (pro. ant.)

invaginated into a pouch (invg. pro. ant.) in the head epidermis. Note that the larval eye (L. II. omtd.) is situated in the pro-

thorax far caudad of the larva II cornea (L. II. cr.). (Note: Propupal sensilla and dendritic sheaths of larva II sensiUa (Fig. 47)

are omitted from the drawing). Fig. 46. Sagittal section through antenna taken at point indicated by arrow in Fig. 45. Note

that the sarcolemma (sarc.) of the contracted, larval muscles is thrown into folds and also the posterior position of the

Johnston’s Organ scolopidia (sco. J. O.). Fig. 47. Larva II right antenna, dorsal aspect. Notice the long dendritic sheath of

each sensillum and also that those of the scape and pedicel run proximally to the propupal antenna (Fig. 45).Emerging

Propupa: Fig. 48. Dorsal aspect of head, showing right propupal antenna (pro. ant.) evaginating from its pouch (Note that

this drawing is of a specimen of Haplothrips graminis Hood not H. verbasci).
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Figs. 49-54. H. verbasci Newly-emerged Propupa: Fig. 49. Right antenna, dorsal aspect. Fig. 50. Same, optical section. Note

the thick epidermis. Fig. 51. Oblique sagittal section of antennal base taken at point indicated by arrow in Fig. 49. Note

that the extrinsic antennal muscles (L. II. lev. ant; L. II. dep. ant.) of the larva have lost most of their myofibrils (white).

Exuvial Pharate Pupa I: Fig. 52. Transverse section through antenna taken at point indicated by arrow in Fig. 49. Note shape

of propupal campaniform sensiUum (pro. c. s.), the large size of epidermal nuclei (compare with Fig. 46), and the dividing

cells (c. m.; c. t.). Fig. 53. Same, taken at point indicated by arrow in Fig. 50. Note that the Johnston’s Organ (J. O.) still

consists of 4 chordotonal organs. Pharate Pupa I: Fig. 54. Right antenna, dorsal aspect, showing developing pupa I antenna

(Note: Propupal sensilla omitted from drawing).
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This withdrawal appears to have two causes. First, all extrinsic and intrinsic antennal muscles

contract maximally, the sarcolemma (sarc.) of each fibre being thrown into folds (Fig. 46)

(this contraction involves all head muscles (Heming, in prep)). Since all head muscles have

separated from the larval cuticle, this contraction serves to bunch epidermal and sensory cells

together in the centre of the head capsule (compare Fig. 46 with 38). In addition, there must

also be some change in shape in individual antennal epidermal cells, since muscle contraction

alone cannot account for complete withdrawal of all cells from within each antenna, and be-

cause these cells are bunched, when completely retracted, even distal to the intrinsic muscles

(L. II. scp. m.) (Fig. 46). At the completion of withdrawal, the ommatidia of the larval eyes

(L. II. omtd.) are situated anteriorly in either side of the prothorax (Fig. 45) and the John-

ston’s Organ (sco. J. O.) and scape muscles (L. II. scp. m.) far caudad of the base of each

larval antenna (Fig. 46).

Although I have not watched epidermal withdrawal in living specimens in its entirety (all

larvae drowned before completion), I know that it takes place rather slowly. Posterior move-

ment of the cells is imperceptible in live specimens and there is sufficient time for the tormo-

gen cell of each sense organ to produce a long dendritic sheath (Fig. 47). In spite of these,

at the completion of withdrawal, only the sensilla of the larval scape and pedicel appear to

maintain contact with the propupa within (Fig. 47).

A small number of degenerating cells (p. n.), as is usual for a moult (Heming, 1973), are

visible (Fig. 46) in each antenna during and after withdrawal, but cell death does not play a

major role in metamorphosis. However, individual cell nuclei are smaller (Fig. 46) than they

are later (Figs. 51-53).

As soon as antennal withdrawal is complete, the epidermis begins to deposit propupal cu-

ticle (Figs. 45, 46). At this stage, one can see that each antenna (pro. ant.) is sunk to its tip

in a pocket (invg. pro. ant.) in the head epidermis (Figs. 45, 46). As the long, propupal tactile

hairs (t. h.) (Fig. 49) develop, they poke apically out of these pockets where they are easily

confused with the elongated dendritic sheaths of the larval scape and pedicellar sensilla (Fig.

47).

All head muscles, except for two delicate fibres inserting into the anterior wall of the cib-

arium, begin to regress shortly after propupal cuticle deposition begins. Loss of birefringence

in their myofibrils is much more rapid than that occurring in the pretarsal depressor muscles

of this species (Heming, 1973), and is complete by the middle of the propupal stage. The

tentorial extrinsic antennal muscles (L. II. lev. ant.; L. II. dep. ant.) are the last to lose it.

(Fig. 51). As occurs in the pretarsal depressor muscles, regression in the head muscles involves

only their contractile elements, their sheaths remaining recognizable throughout metamorpho-

sis. However, both the scape muscles and the dorsal contingent of antennal extrinsic muscles

disappear completely.

A pharate propupa is easy to recognize under the stereoscopic microscope because it is

sluggish, is very fat, cannot move its larval antennae, and has its larval maxillary stylets extrud-

ed (Heming, in prep.). At ecdysis, the larval head capsule (L. II. c.) fractures behind the eyes

(L. II. cr.) and the propupal antennae are everted out of their pouches by pressure of haemo-

lymph (Fig. 48). The antennal “accessory hearts” maintain their beating throughout the period

described above.

Structure. — The propupal antennae of H. verbasci and other phlaeothripids are short,thick,

unsegmented, membranous stubs (Figs. 49, 50, 79). In newly-emerged individuals, the antennal

epidermis is very thick and consists of numerous closely-packed nuclei having large nucleoli

(Figs. 50, 51-53). Many cells are in various stages of mitosis (c. a.; c. m.; c. t.). These divisions

are probably both multiplicative and differentiative, presumably giving rise to the numerous

sensory, trichogen and tormogen cells of the imaginal array of sensilla as well as to additional
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epidermal cells contributing to the longer antennae of subsequent instars. Some birefringence

is still evident in the larval antennal levator (L. II. lev. ant.) and depressor (L. II. dep. ant.)

muscles until the propupal-pupa I apolysis (Fig. 51).

Sense Organs. — Each propupal antenna bears three large, two medium, and three small

tactile hairs (t. h.), at least four thin-walled chemoreceptors (t.-w. chr.), and a pedicellar

campaniform sensillum (pro. c. s.) (Figs. 49, 52, 79, 80). There are also a few, very fine sen-

silla at the antennal apex just visible at the maximum resolving power of the light microscope.

The propupal campaniform sensillum (pro. c. s.) is smaller than that of the larva II and is more

convex (Figs. 52, 80).

The Johnston’s Organ in propupae still contains four chordotonal organs and is embedded

in thickened epidermis (Figs. 50, 53) proximal to the campaniform sensillum. I was unable

to determine the number of scolopidia (sco. J. O.) contained in each chordotonal organ, but

the larval number (three) is probably still present.

Antennal nerve (ant. nv.) and trachea (tra.) persist, with the latter thrown into loops (Fig.

50).

Pupa I (Figs. 54-58; 81, 82).

Propupal-Pupa I Moult. — During the propupal-pupa I apolysis, the epidermis separates

from the cuticle and begins to secrete a larger, folded, pupa I cuticle within (Fig. 54). The

pupa I campaniform sensillum (p. I. c. s.) develops some distance proximal to the propupal

one (pro. c. s.), so that the dendritic sheath (d. sh. s. o.) connecting the two is quite long. The

new, long tactile hairs (p. I. t. h.) develop with their long axes parallel to that of the propupal

antenna (Fig. 54). The increase in antennal length arises in the apical half of the propupal

antenna between the bases of the long tactile hairs (t. h.) proximally, and the apical chemo-

receptors (t.-w. chr.) (Figs. 49, 54, 55, 79, 81).

That the pupa I antenna is bent back posteriorly alongside the head (Figs. 55, 81) is due

to the way that its cuticle is deposited in the pharate pupa I (Fig. 54). More cuticle is produced

anteriorly than posteriorly and more folds develop here. At ecdysis, the fragile, propupal

cuticle remaining splits between the antennae and the new antennae are pulled out of the

bases of the old. On expansion of the new cuticle, these folds stretch out and the antennae

slowly assume their characteristic flexed position. Although not as drastic, the process is very

similar to that occurring after the propupal-pupal ecdysis of F. fusca.

Structure. — Pupa I antennae (Figs. 55, 81) are very similar to propupal ones (Figs. 49, 79)

except for their greater length, reflexed orientation and thin, attenuated epidermis (Fig. 56).

Sense Organs. — Antennal sensilla of this instar are practically identical to those of the

previous one, including their relative positions (compare Figs. 55, and 56 with 49 and 50).

The pupa I antenna lacks two chemoreceptors apically, and there are additional small setae

(not illustrated because of their size) scattered throughout. Sense organ positions indicate

that most of the increase in antennal length is interposed in its middle.

The high mitotic rate (c. p.; c. m.) characteristic of the antennal epidermis of the propupal

stage, continues during this instar (Figs. 57, 58). When the epidermis is attenuated in newly-

emerged individuals (Fig. 56), sensory cells (s. cl.) are easy to recognize because they adhere

together in groups (Figs. 56, 57). The mitoses taking place within these bunches are undoubted-

ly differentiative (Fig. 57).

In the pharate pupa II (Fig. 60), each Johnston’s Organ comprises six chordotonal organs

containing three (sometimes four) scolopidia each. These, again, are difficult to see because

they are embedded in epidermis and are not in register. As only four chordotonal organs are

present in the young propupa (Fig. 53), the additional ones must have been added sometime

between the pharate pupa I and the exuvial pharate pupa II stages. The many mitotic divisions
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Figs. 55-60. H. verbasci. Newly-emerged Pupa I: Fig. 55. Right antenna, dorsal aspect. Fig. 56. Same, optical section. Note

attenuated epidermis and haemocytes (b. c.). Fig. 57. Frontal section, through antenna, taken at point indicated by arrow

in Fig. 55, showing differentiative mitotic divisions in a developing sensory cell group. Fig. 58. Transverse section, through

antenna taken at point indicated by arrow in Fig. 55. Note cells (c. p.; c. m.) in various stages of mitosis. Pharate Pupa II: Fig.

59. Right antenna, dorsal aspect, showing developing pupa II antenna. (Note; Most pupa I sensilla omitted from drawing).

Notice that the folds in the pupa II cuticle delimit 8 “segments”. Fig. 60. Transverse section through pedicellar region taken

at point indicated by arrow in Fig. 59. Compare with Fig. 53 and note the additional 2 chordotonal organs comprising the

Johnston’s Organ (J. O.).
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occurring in this area during this period probably contribute to the development of these new

structures. Details of their development are difficult to follow because only perfect sagittal

sections of the animal can be used.

Pupa II (Figs. 59-63; 83-86).

Pupa I-Pupa II Moult. — The first clear indication of adult segmentation appears in the

pharate pupa II (Fig. 59) where, new cuticle, as it is deposited, is thrown into folds. These

are not dispersed evenly throughout each antenna but, instead, are spaced in such a way that

they delimit eight segments. When the pupa II emerges, these folds stretch out with the result

that segmentation again becomes less distinct (Figs. 61 ; 83, 85). In other respects, events are

the same as those occurring in the previous moult.

Structure. — Except for their increased length, pupa II antennae (Figs. 61 ;
83-86) are simi-

lar to those of propupa (Figs. 49, 79) and pupa I (Figs. 55, 81). They are about 1.5 fold long-

er than those of the pupa I, are more tightly fitted to the sides of the head (which now has

the shape and size of the adult head) and are arched dorsally at their bases and bent ventrally

and medially at their apices under the prothorax (Figs. 83-85).

Sense Organs. — Sensilla in pupae II are similar in number and placement to those of pupae

I (compare Figs. 61 and 62, with 55 and 56), but only one large chemoreceptor (t.-w. chr.)

is present on each antenna. There are also many small sensilla scattered throughout that I

have not illustrated. Most increase in antennal length again has arisen distal to the pedicellar

campaniform sensillum (p. II. c. s.).

Mitosis in epidermis and in sensory cell groups practically ceases in this instar and most

subsequent development involves the movement and differentiation of already-present cells.

The epidermis is, again, greatly attenuated in teneral forms (Figs. 62, 63), with groups of

sensory cells clearly defined.

Adult (Figs. 64-75:87).

Pupa II-Adult Moult. — Most time within the pupa II cuticle is spent as a pharate adult,

(Figs. 64-69). At the pupa Il-adult apolysis (Fig. 64), the epidermis contracts away from the

cuticle and almost immediately assumes the configuration of the imaginal antennal segments.

Trichogen cells (t. cl.) begin to send out protoplasmic extensions around which cuticle is de-

posited in the cuticular phase to form the external parts of adult sense organs. (Figs. 64, 66).

All tactile hairs are at first protoplasmic too, but I have not drawn them in. Their disposition

from the beginning, is as is shown in Fig. 69. By the exuvial pharate adult stage, most internal

structures have their imaginal positions (Figs. 64-68).

Figure 69 shows the position of adult antennal segments shortly before adult eclosion. This

drawing is fore-shortened proximally and apically because of the arched condition of the pupa

II antennal sheath (foreshortening is also present in Figs. 61, 62, and 64). Notice that the

cuticle of antennal segments two, seven and eight is deposited fully-expanded, whereas that

of segment one is folded, and that of the stalks of segments three to six is telescoped into the

bases of their respective segments. As in F. fusca, the fully expanded parts start to preharden

before adult emergence. After the pupa II cuticle is shed, the scape and the reflexed portions

expand and straighten, the antenna assuming its mature length (Fig. 71 — drawn at same mag-

nification as Fig. 69). Most epidermal cells degenerate soon thereafter.

In the exuvial pharate adult stage, the cells of the remnants of the extrinsic antennal muscles

(lev. ant.; dep. ant.) begin to show signs of renewed physiological activity. Their nuclei and

nucleoli enlarge and their cytoplasm increases in volume and in susceptibility to basic dyes

(Fig. 65). The cells begin to synthesize new myofibrillar material at about the same time as

adult cuticle deposition begins and birefringence begins to become apparent in these muscles
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s.cl. JO.

Figs. 61-63. H. verbasci. Newly-emerged Pupa II: Fig. 61. Right antenna, dorsal aspect. Compare with Figs. 49 and 55 and

note the common chaetotaxy of the antenna in all 3 quiescent stages. Fig. 62. Same, optical section. Notice attenuated

epidermis and groups of sensory cells (s. cl.). Fig. 63. Frontal section through antenna taken at point indicated by arrow in

Fig. 61. Notice the haemocytes (b. c.) and the groups of sensory neurons (s. cl.) and their support cells.
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66 68

Figs. 64-68. H. verbasci Exuvial Pharate Adult: Fig. 64. Riglit antenna, optical section. Notice developing segments (d. seg.)

and thin-walled chemoreceptors (d. t.-w. chr.). Fig. 65. Oblique sagittal section of antennal base taken at point indicated by

arrow in Fig. 64. Notice the developing, imaginal intrinsic (scp. m.) and extrinsic (lev. ant.; dep. ant.) antennal muscles.

Fig. 66. Frontal section of antennal segment 4, taken at point indicated by arrow in Fig. 64. Trichogen cells (t. cl.) have sent

out protoplasmic extensions around which cuticle will subsequently be deposited. Compare with Fig. 63 and notice the re-

arrangement of the epidermal cells. Fig. 67. Frontal section of scape and pedicel taken at point indicated by arrow in Fig. 64.

Notice the developing extensor muscle (ext. ant.), and the position of the sensory cells of the Johnston’s Organ (s. cl. J. O.).

Fig. 68. Transverse section through pedicel taken at point indicated by arrow in Fig. 64.
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Figs. 69-71. H. verbasci Pharate Adult: Fig. 69. Right antenna, dorsal aspect. The adult cuticle of the scape is folded, while

that of the bases of segments 3-6 is telescoped into their respective segments. Notice that the pediceUar campaniform sensilla

of the adult (c. s.) is larger than that of the pupa II (p. II. c. s.). (Note: Other pupa II sensilla omitted from drawing). Adult:

Fig. 70. Dorsal aspect of head ( (5), showing origins and insertions of the intrinsic (fbc. ant.; ext. ant.) and extrinsic (lev. ant;

dep. ant.) antennal muscles. Compare with Fig. 39 (of the larva) and notice the absence of the dorsal contingent of extrinsic

muscles (All setae are omitted). Fig. 71. Right antenna, dorsal aspect.
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Figs. 72-75. H. verbasci. Adult: Fig. 72. Right antenna, optical section. (Note: The sensory cells of the Johnston’s Organ

(s. cL J. O.) are actually situated in the base of the pedicel). Figs. 73- 75. Transverse sections through antenna taken at points

indicated by arrows in Fig. 72. Fig. 73. Through junction of pedicel and stalk of first flagellar segment, showing dendritic

terminals (d. ter.) of Johnston’s Organ. Fig. 74. Through pedicel, Johnston’s Organ (J. O.), and pedicellar campaniform

sensillum (c. s.). Fig. 75. Through scape and intrinsic antennal muscles (flx. ant.; ext. ant.).
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in specimens examined under polarized light. Birefringence increases throughout the remain-

der of the pharate adult stage with banding appearing shortly before adult emergence. In the

exuvial period (Fig. 65), the rejuvenating fibres are attached to the epidermis. When cuticle

begins to appear, they attach to it, first by epidermal tendons; later directly.

The description above holds true also for most other head muscles (Heming, in prep.) and

for the pretarsal depressor muscles of the legs (Heming, 1973). No myoblasts have been ob-

served to take part in their development.

The scape muscles of the larva, unlike the tentorial complement of extrinsic muscles, ap-

peared to disappear completely during the propupal stage. In the exuvial pharate adult, these

muscles reappear as short strings of cells arising and inserting in the developing scape epider-

mis (Figs. 64, 65, 67; scp. m.; ext. ant.; fix. ant.). I have not observed myoblasts in this region

of the head (although haemocytes (b. c.) are present in large numbers shortly after pupa II

emergence (Fig. 62)), although these cells do take part in the de novo formation of other,

solely imaginal, muscles (Heming, 1973). Their subsequent development is identical to that

described above for the extrinsic muscles.

Structure. — Except for their slightly smaller size in males, antennae of the two sexes are

very similar. Each consists of a scape (scp.), a pedicel (ped.) and six flagellar segments (Fig.

71). The scape of each is inserted into a socket in the head capsule between the eyes (e) and

is articulated to it by well-developed median and lateral antennifers (antf.) extending inwards

from the socket rim (Fig. 71). As in adults of F. fusca, each antenna is raised and lowered by

levator (lev. ant.) and depressor (dep. ant.) muscles inserting respectively, by tendons into the

dorsal and ventral margins of the scape base and originating ventrally on the anterior tentorial

arms (at.) (Fig. 70). The cranial branches of these muscles, present in larvae (Fig. 39), are ab-

sent in adults.

Each pedicel (ped.) articulates with the apex of the scape (scp.) by means of dorsal and

ventral condyles borne by the latter, and is flexed and extended by muscles situated, respect-

ively, laterally (fix. ant.) and medially (ext. ant.) within the scape (Figs. 69, 70, 72, 75). As

in F. fusca, these consist of three fibres each (Fig. 75).

The imaginal pedicel lacks the dorsal and ventral condyles of the larval one and has, instead,

a cuticular ring (c. r.) through which pass the cap cells (d. ter.) of the Johnston’s Organ chor-

dotonal organs (Figs. 69, 71-73).

In adults of both sexes, segments one and two are dark brown, three to six yellow and seven

and eight light brown. Adults have no antennal “pumps”.

Sense Organs. - The sense organs on the antenna of a female of H. verbasci are shown in

Figs. 71, 72, 74 and 87 and are listed in Table IV. As can be seen by comparing Tables III

(larva) and IV, there has been an increase in the number of tactile hairs (t. h.; from 28 to 97),

thin-walled chemoreceptors (t.-w. chr.; from five to 14), and coeloconic pegs (c. pg.; from

three to four), but the three apical sense organs (ap. s. o.) of segment three of the larva are

absent in adults. In addition, all adult chemoreceptors differ in size, shape and position from

those of the larval stages.

The imaginal Johnston’s Organ of H. verbasci comprises six chordotonal organs each con-

taining three (sometimes four) scolopidia (Figs. 12,1A) (compared with four chordotonal or-

gans of three scolopidia in the larva). Each scolopale is probably innervated by two sensory

neurons since most contain two ciliary dilations (indicated by dots in Fig. 74). The position

of the Johnston’s Organ and its sensory cells (s. cl.) in the adult antenna, is similar to that of

the larva (Fig. 72; sense cells in base of pedicel not in scape as shown). The dendritic terminals

(d. ter.) of the Johnston’s Organ fit into grooves in the stalk of the first flagellar segment

(Fig. 73).

The pedicellar campaniform sensillum (c. s.) of the adult is much larger than that of the
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three quiescent stages, is not as convex, and differs in structure (compare Figs. 69, 71, 72

and 87 with 49, 52, 55, 61, 68, 80, 82, 86).

Proximally, the nerve from each antenna (ant. nv.) enters the deutocerebrum of the brain.

This is now, as in adults of F. fusca, situated mostly in the much larger adult head. As in

larvae, the nerve of each antenna (ant. nv.) bifurcates within the base of the first flagellar

segment (Fig. 72).

Table IV. Sense organs on the antenna of the adult female of H. verbasci (N = 11).

Segment

tactile

hairs

campaniform

sensilla

Johnston’s

Organ

thin-walled

chemoreceptors

coeloconic

pegs

apical

sense organs

1 11

2 12 1 1 (6 chordo-

tonal organs)

3 13 2 1

4 11 4

5 13 3 1 3

6 12(10-12) 3

7 12 1 1

8 13(12) 1 1

Total 97 1 1 14 4 3

Grand Total 120

DISCUSSION

Larval Stages

Thysanoptera

Structure and variation in the antennae of larval aeolothripids, thripids and phlaeothripids

are briefly discussed by Priesner (1960). They are usually seven-segmented, as in the two spec-

ies of this paper, but those of Merothrips morgani Hood (Merothripidae) are six-segmented,

and there is a greater (in urothripines) or lesser (eg. Liothrips spp.) amount of fusion in the

distal segments of some phlaeothripids (Priesner, 1960; Heming, in prep.). Microtrichia are

usually present on the antennal segments of larval aeolothripids and most thripids, but are

absent from those of merothripids and phlaeothripids (the antennae of larval Heterothripidae

remain undescribed).

The numbers, kinds and positions of sense organs on the larval antennae of F. fusca and

H. verbasci are very similar (compare Tables I and III), even though these two species are not

closely related (see Fig. 50 in Heming, 1973). When larvae of Aeolothripidae, Heterothripidae

and Merothripidae are similarly investigated, their sensillar arrays will therefore, probably be
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shown to have this common pattern too. Because of this similarity, larval antennae will prob-

ably be shown not to have the usefulness in taxonomic studies that imaginal antennae have

had — at least not at the generic and specific level.

Other Insects

With the exception of some sternorrhynchous Homoptera (see below), the antennae of

immature exopterygotes usually resemble those of their adults except for their reduced num-

ber of segments. In young endopterygotes, larval antennae are usually greatly simplified and

in some taxa (e.g. Diptera - Cyclorrhapha) are practically absent (Grasse, 1951
;
Snodgrass,

1954; Imms, 1957; Peterson, 1960, 1965); Mackerras, 1970).

Metamorphosis

Thysanoptera

The propupal and pupal antennae of thrips are briefly described by Priesner ( 1 960) and

have been illustrated for some species that have been the subject of detailed life history stud-

ies (eg. Lange and Razvyazkina, 1953; Loan and Holdaway, 1955; Derbeneva, 1962, 1967;

Lewis, 1973 (refs.) and Haga, 1974). In most aeolothripids, both propupal and pupal antennae

are unsegmented and are flexed dorsally over the head and prothorax (Priesner, 1960; Derben-

eva, 1967). Members of the genus Franklino thrips Back, however, apparently lack a propupal

stage (Reyne, 1920). In the pupa, the antennae are very long and reach posteriorly to the

second abdominal segment. This suggests, that in the species of this genus, there is no telescop-

ing of the adult antennal segments as they are forming. In thripids and phlaeothripids the

antennae are, respectively, as described here for F. fusca and H. verbasci. The quiescent stages

of Heterothripidae and Merothripidae, so far as I know, remain undescribed. Since the Hetero-

thripidae is probably a sister group of the Thripidae (see Fig. 50 in Heming, 1973), the an-

tennae of the quiescent stages of species in this family will probably be shown to be similar to

those of F. fusca and other thripids. Similarly, evidence from many sources (Heming, in prep.),

suggests that the Merothripidae and Phlaeothripidae are sister groups (see Fig. 50 in Heming,

1973). Therefore, the quiescent stages of merothripids, when discovered, may well prove to

have some antennal characteristics in common with those of Phlaeothripidae. It will be par-

ticularly interesting to learn whether species of this family have one or two pupal stages.

Events occurring during antennal metamorphosis have been briefly described in Limothrips

cerealium Haliday (Thripidae) by Davies (1969), in Liothrips oleae (Costa) (Phlaeothripidae)

by Melis (1934) and in Bactrido thrips brevitubus Takahashi (Phlaeothripidae) by Haga (1974).

In L. cerealium, the head musculature, as in F. fusca, is carried through practically unaltered

from larva to adult (Davies, 1969), although “one or two additional fibres” (p. 213) are present

in the extrinsic antennal muscles of the adult that are absent in larvae. During the propupal

and early pupal periods in this species, “.
. . a hollow tube of densely packed nuclei” develops

on each side of the head, having an orientation parallel to that of the larval antennal levator

and depressor muscles. These nuclear aggregates are temporary however, and have disappeared

by the middle of the pupal stage without appearing to have contributed to the imaginal mus-

culature (p. 220). I have observed nothing in F. fusca resembling these aggregations except for

the antennal nerves which are shorter and thicker in the quiescent stages, and the antennal

tracheae which have a thicker epidermis when they are secreting a new intima during the

pharate portion of each instar. Davies ( 1 969) may have interpreted these structures as myo-

blast aggregations.

Davies (1969) also mentioned that the larval extrinsic muscles of the antennae seem to

undergo “some kind of reconstruction” during the quiescent stages, even though they main-
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Figs. 76-81. H. verbascL Steroscan micrographs. Larval: Fig. 76. PediceUar campaniform sensillum. Fig. 77. Apical sense

organ of antennal segment 3. Larva II: Fig. 78. PediceUar campaniform sensiUum. Propupa: Fig. 79. Head and prothorax,

dorsal aspect. Fig. 80. PediceUar campaniform sensiUum. Pupa I: Fig. 81. Head and prothorax, dorsal aspect. Notice the

sUght indication of segmentation in the, antennae.
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Figs. 82-87. H. verbasci. Stereoscan micrographs. Pupal: Fig. 82. Pedicellar campaniform sensillum. Pupa II: Fig. 83. Head

and prothorax, dorsal aspect. Fig. 84. Same, lateral aspect. Fig. 85. Same, ventral aspect. In these three figures, notice tlie

slight segmentation evident in the antennae. Fig. 86. Pedicellar campaniform sensillum. Adult: Fig. 87. Pedicellar campani-

form sensillum. Compare with Figs. 76, 78, 80, 82, and 86 and notice the large size of the imaginal organ.
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tain their susceptibility to eosin. This also occurs in these muscles in F. fusca, giving rise to

the longer and more robust fibres of the adult.

Early in the propupal stage of L. oleae, there occurs, just as in H. verbasci, “una dissoluzione

completa dei muscoli intrinseci” (p. 288-289) of the head, including those of the antennae

(Melis, 1934b). From the dense masses of nuclei and cytoplasm remaining, the imaginal mus-

cles are reconstructed by secretion of new fibrillar material during the second pupal stage.

These events are described in detail in Melis’ text, but are illustrated inadequately in his photo-

micrographs (Fig. 3, plate 16; Fig. 6, plate 17 and Fig. 2, plate 19). Flis discussion is weakened

further by his failure to discriminate between the events occurring during the two pupal stages.

Nevertheless, the events taking place in H. verbasci and L. oleae appear to be very similar.

Haga figures accurately the heads of the pharate propupa (Fig. 1 1), pharate pupa I (Fig.

12), pharate pupa II (Fig. 13) and pharate adult (Figs. 14-16) of B. brevitubus. As in H. ver-

basci, imaginal segments three to six in this species form in a telescoped manner (Haga was

the first to describe this). Because the adult antennal segments of this megathripine are, rela-

tively, very much longer than those of H. verbasci, the degree of telescoping is very much
greater (compare his Figs. 15 and 16 with Fig. 69). However, his interpretation of what goes

on during metamorphosis is inaccurate because of his apparent complete reliance on whole

mount preparations (in spite of a statement to the contrary in his “Method” section). Accord-

ing to Haga (1974), “The histolysis of the antennal tissue begins after the fourth ecdysis, and

two days later the segmented blocks of the tissue appear again. These blocks are transformed

into each of the antennal segments of the adult.” (p. 22). I have found no evidence of histolysis

occurring at any time during metamorphosis of H. verbasci other than the usual isolated cel-

lular degenerations accompanying and following moults (Heming, 1973). His interpretation

of events occurring in the pharate propupa is similarly “off base” (p. 21).

Many of the discrepancies in musculature and metamorphosis that exist between L. cerealium

and L. oleae are not due to the inadequacies of Melis’ (1934b) investigation, as Davies (1969)

sometimes implied, but, instead are related to fundamental differences between the two in-

sects: the head muscles of thripids {F. fusca and L. cerealium) are carried through practically

unaltered, whereas those of phlaeothripids {H. verbasci and L. oleae) degenerate almost com-

pletely and are rebuilt.

The presence of a dorsal group of antennal extrinsic muscles (lev. ant. c.; dep. ant. c.) in

larvae of L. oleae, H. verbasci (Figs. 38, 39) and other phlaeothripids, may be required for

successful retraction, into the head, of the larval antennal epidermis at the end of the second

instar. This withdrawal does not occur in larvae of F. fusca and L. cerealium, and these mus-

cles are correspondingly absent. They are absent also from adults of species in both families

(Risler, 1957; Mickoleit, 1963; Davies, 1969; here).

The Phlaeothripidae is probably the most recently derived (Stannard, 1957) and the most

apomorphic of the five thysanopterous families (Stannard, 1957; Heming, 1970, 1973; see

Fig. 50). Therefore, the additional extrinsic antennal muscles of the larva must be derived

secondarily along with the type of head metamorphosis undergone by insects of this family.

Metamorphosis of the Musculature and Epidermis

Remarks made previously (Heming, 1973; pp. 1227-1229) concerning the metamorphosis

of musculature and epidermis in thysanopteran legs, are equally pertinent to the antennae.

The antennal muscles of F. fusca are midway between Snodgrass’ (1954) types (1) and (2)

in terms of their metamorphosis. Although larval fibres are reconstructed into adult ones,

they maintain their contractile elements throughout the process.

In H. verbasci, the dorsal extrinsic antennal muscles of the larva degenerate completely

and, therefore, belong in Snodgrass’ (1954) category (3) (larval muscles destroyed and not
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replaced). The tentorial extrinsic antennal muscles undergo a reconstruction similar to that

followed by the pretarsal depressor muscles (Heming, 1973), differing only in that they lose

their contractile elements more quickly (completed by the mid-propupal stage instead of the

early pupa I stage). These muscles likewise are assigned to Snodgrass’ (1954) category (2) (lar-

val muscles reconstructed into adult muscles).

The developmental history of the intrinsic antennal muscles in this species differs from

that of the extrinsic muscles in that they apparently degenerate completely and then regen-

erate de novo. They thus fit in Snodgrass’ (1954) category (4) (larval muscles that degenerate

completely and are replaced by equivalent adult muscles).

Withdrawal of epidermis from within the larval antennae of H. verbasci at the end of the

second-instar, appears to involve both muscular contraction and changes in cell shape. Before

withdrawal, the epidermal cells are attenuated;after withdrawal, columnar or cuboidal. Sim-

ilar changes in shape, in a reverse sequence, occur during appendage eversion in the exuvial

pharate pupa of Drosophila melanogaster Meigen (Diptera-Cyclorrhapha) (Poodry and Schnei-

derman, 1971 — and refs.). These authors have experimental evidence that this change in shape

is caused by a change in intercellular adhesivity between cells of the imaginal discs.

Other Insects

The amount of reorganization occurring in the antennae of insects during metamorphosis

varies, depending on how far the young stages have diverged in form and habit from the adults

(Snodgrass, 1954). In the “segmented” antennae (ie. those having muscles in the flagellar

segments) of entognathous ametabolous apterygotes, additional segments are added through-

out posternbryogenesis by continuous subdivision of the apical segment (Imms, 1940). In

Thysanura and the orthopteromorph insects, new segments are added by division of the first

flagellar segment (meriston) and sometimes also by those situated immediately distal to it

(Imms, 1940; Schafer, 1973 — and refs.).

In certain sternorrhynchous Homoptera, there is a tendency for the juveniles to develop

special characters of their own that are absent from their adults (Snodgrass, 1954). Such dif-

ferences often show up on their antennae. Psylla buxi L. (Psyllidae) has five nymphal stages

(Wilcke, 1941). Antennae of the first stage are 1 -segmented; of the second and third, 3-seg-

mented (but quite different); of the fourth, 5-segmented; of the fifth, 9-segmented and of

the adult, 1 0-segmented. As additional segments are added, the shapes of other segments

change and new kinds of sensilla appear (his Figs. 26-30). Similar changes occur also in the

antennae of adelgids and some aphids (Weber, 1930; Pesson, 1951a; Woodward et al., 1970).

In Trialeurodes vaporariorum (Westwood) (Aleyrodidae), there are four nymphal stages

(Weber, 1934). First-stage nymphs are free-living “crawlers” with long, 3-segmented antennae.

The sessile second-, third-, and fourth-stage nymphs all have greatly reduced antennae which

are, respectively, annulated, unsegmented but with curled apices, and 2-segmented (his Fig. 1).

In the pharate adult, the long, 6-segmented adult antennae develop beneath their stubby,

fourth-stage counterparts in a looped configuration (his Fig. 9). Thus, whiteflies resemble

F. fusca, and H. verbasci in having a simplification of antennal structure in their intermediate

instars but, in the former insects, this reduction is correlated with the sessile habits of these

instars.

Depending on the family to which they belong, male Coccoidea undergo a variable amount

of antennal metamorphosis, (see table p. 569 in Weber (1933) for a comparison of life histories).

InMytilaspis fulva Targioni (= Lepidosaphes beckii Newman) (Diaspididae), the first-instar

“crawlers” have well developed, 5-segmented antennae (Fig. 1456 in Pesson, 1951a). In the

second-instar, these are atrophied; whereas in male propupae and pupae they reappear as suc-

cessively longer but unsegmented appendages bent back laterally on either side of the head
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(Fig. 1456). Imaginal antennae are moniloform and 10-segmented.

Similar changes occur in the antennae of male Pseudococcidae, except that those of the

intermediate stages also are well developed (Makel, 1942). In these mealy bugs, the four ex-

trinsic antennal muscles are carried through the quiescent stages (Makel’s table p. 506) just

as they are in F. fusca, even though the propupal and pupal antennae are unsegmented, in-

flexible and flexed posteriorly on either side of the head. Although she did not discuss them

in the text, Makel illustrated also the scape muscles for second-stage nymphs (Fig. 4) and

adults (Figs. 14 and 15), but not for propupae (Figs. 6-8) or pupae (Figs. 10-12). Perhaps

they degenerate and then regenerate as do those of H. verhasci.

A detailed study of antennal metamorphosis in scale insects is lacking, so far as I know,

but events resolved up to now seem to be similar to those described here for F. fusca and

to a lesser extent, for H. verbasci. Although Thysanoptera and Coccina are quite closely re-

lated (see Fig. 64 in Hennig, 1969), the similarities in antennal metamorphosis summarized

above have probably arisen through convergent evolution.

In the less derived endopterygote insects (ie. Hymenoptera-Symphyta, most Coleoptera,

Raphidioidea, Megaloptera, Neuroptera, Mecoptera, Trichoptera, and Lepidoptera), each

adult antenna arises through a proliferation and reorganization of epidermal cells at the base

of the larval antenna (Eassa, 1953, Snodgrass, 1954). This new appendage then everts onto

the surface of the developing head at the larval-pupal apolysis and in the pupa is unsegmented,

is flexed ventrally or laterally, and is either free (exarate pupae) or fused to the body (obtect

pupae).

The antennae of those holometabolous insects (Hymenoptera-Apocrita, some Coleoptera,

Siphonaptera, Diptera-Cyclorrhapha) having apodous larvae, usually differentiate from anten-

nal disc cells that are invaginated into the larval head shortly before or after the insect hatches

from the egg (Murray and Tiegs, 1935; Bodenstein, 1950; Snodgrass, 1954; Anderson, 1963;

Postlethwait and Schneiderman, 1971). Their subsequent eversion at the larval-pupal apolysis

is similar to that mentioned in the previous paragraph as is their later development.

Adult

Structure

Thysanoptera. — The imaginal structure of thysanopterous antennae has been described

in greater or lesser detail; for representatives of all five families of the order (Buffa, 1898;

Peterson, 1915;Reyne, 1927; Priesner, 1928, 1960;Melis, 1934a, b; Doeksen, 1941;Pesson,

1951b; Risler, 1957; Mickoleit, 1963; and Davies, 1969). The most detailed studies are those

of Risler (1957) on Thrips physapus L. (Thripidae) and of Mickoleit (1963) on Aeolothrips

fasciatus (L.)(Aeolothripidae), Haplothrips statices Haliday (Phlaeothripidae) and Phlaeothrips

coriaceous Haliday (Phlaeothripidae).Both gave details of antennal structure, musculature and

innervation that are supported completely by my own observations. In addition, Risler (1957)

described the origin of each antennal nerve in the deutocerebrum of the brain (Figs. 41-43),

and the innervation of the extrinsic and intrinsic antennal muscles by branches of this nerve

(Fig. 9).

The anterior tentorial arms, upon which the extrinsic antennal muscles originate, are more

or less developed according to whether the tentorium is complete (Aeolothripidae, some

Heterothripidae) somewhat reduced (Merothripidae), or greatly reduced (most Heterothripidae,

all Thripidae and Phlaeothripidae). (Doeksen, 1941
;
Risler, 1957; Mickoleit, 1963; Heming,

in prep.).

Other Insects. — The structure of insect antennae is reviewed by Imms (1939), Schneider

(1964), Matsuda (1965) and Gouin (1968), is summarized in Weber (1933), Snodgrass (1935)
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and Chapman (1969) and is described for insects in all orders by Imms (1957), and by the

various authorities in Grasse (1951) and Mackerras ( 1 970).

All thrips have the “annulated” antennae characteristic of Thysanura and the pterygote

insects, in which intrinsic muscles are limited to the scape. Their antennae are unusual in

that each scape has a dicondylar articulation with the head capsule. Usually, only a single,

ventral antennifer is present (Snodgrass, 1935; Chapman, 1969). Although the dicondylar

articulation is considered by some (eg. Matsuda, 1965) to be primitive, this condition in

Thysanoptera is probably secondarily derived since the closely related Psocoptera have a

single ventral condyle (Heming, per. obser.).

Matsuda (1965) has proposed that primitively, the extrinsic antennal muscles of insects

consisted of two dorsal levator and two ventral depressor muscles, all originating on the dor-

sal or anterior tentorial arms. In psocids, one of the ventral muscles has been lost and in thrips

only single levator and depressor muscles remain.

The primitive number of intrinsic muscles in insects is also considered to be four, comprising

single depressor, flexor, extensor and levator muscles (Matsuda, 1965). All investigated thrips

have the usual derived condition of two scape muscles functioning in flexion and extension

(although, in many insects, these are levators and depressors instead). Each consists of three

fibres, a characteristic shared with those of Psocoptera (Badonnel, 1951, his Fig. 1 159).

In Thysanura and the orthopteromorph insects, the antennae are usually many-segmented

and filiform (Imms, 1957). In hemipteroids (= Acercaria of Hennig, 1969), there is a strong

tendency towards reduction, the Psocoptera having 13 to 50, the Phthiraptera three to five,

the Thysanoptera six to ten, the Homoptera three to 20 and the Heteroptera four or five. The

Thysanoptera are considered to have arisen from a psocopteroid ancestor and are usually

placed after the Psocodea (Psocoptera + Phthiraptera) and before the Homoptera-Sternorrhyncha

in phytogenies of the Paraneoptera (see Fig. 64, Hennig, 1969). The number of antennal seg-

ments in adult Thysanoptera supports this placement.

All insects that have been thoroughly studied, including the Psocoptera (Badonnel, 1951;

his Fig. 1153), have been shown to have a blood vessel in each antenna, often associated with

a more or less well-developed, basal, “accessory heart” (Schneider, 1964). Slifer and Sekhon

(1974) have described such a vessel in antennae of Bagnalliella yuccae (Hinds) (Phlaeothripidae)

and Frankliniella tritici (Fitch) (Thripidae) three to four jam in diameter, this being “best seen

in electron micrographs of the entire cross section of the antenna” (p. 446). Neither I (Figs.

32, 33, 73-75), nor Risler (1957; Figs. 7, 8), norMickoleit (1963; Fig. 12) have found such a

vessel in our sections through scape and pedicel, but all of us have described an antennal trachea

that we may have confused with the blood vessel since “The trachea is small and difficult to

identify in sections with the light microscope.” (Slifer and Sekhon, 1974; p. 447). Although

my transverse sections of antennal flagella are rather poor, the only structure possibly a blood

vessel appears to me to be the basement membrane of the antennal epidermal cells. I have

already mentioned that immature H. verbasci have a “pumping organ” at the base of each an-

tenna.

Sense Organs

Thysanoptera. — Sense organs on the antennae of adult Thysanoptera, particularly those

of segments three and four are important key characters because of their diversity in different

taxa (Doeksen, 1941
;
Priesner, 1960). Thin-walled chemoreceptors (called “sensory areas” or

“sense cones” by thysanopterists) are used most frequently with the result that their variation

within the order is well known.

Slifer and Sekhon (1974) have recently described the ultrastructure of the adult sense organs

of antennae of B. yuccae and F. tritici, using, for the first time, a terminology conforming

Quaest. Ent., 1975, 11 (1)



62 Heming

with that developed for other insects. My observations on antennal sensilla agree with theirs

with the following exceptions:

(1) Using crystal violet stain and electron microscopy, Slifer and Sekhon (1974) have shown

that six of the 1 3 “tactile hairs” of segment eight (= subsegment six) in B. yuccae and four

of six in F. tritici are, in fact, thick-walled chemoreceptors. Such hairs are round-tipped,

double-walled, and curved or wavy. A similar number of terminal setae in larvae and adults

of F. fusca and H. verbasci are probably also of this kind.

(2) I have observed a single, small coeloconic peg (c. pg.) in each of antennal segments

three, five, six and seven in F. fusca (Fig. 29; Table II) and in segments three, five, seven and

eight in H. verbasci (Fig. 71 ;
Table IV) that are not mentioned by these authors. I have since

seen them in antennae of F. tritici, and they are undoubtedly present in B. yuccae as well.

They are rather small (1-4 X 0.5- 1.0 jum) and are easily overlooked, even in macerated speci-

mens mounted in Hoyer’s medium and examined with phase contrast. Similar structures have

recently been described by Koteja (1974) from the antennae of certain scale insects (Fig. IB).

(3) Slifer and Sekhon (1974) also failed to notice the three “apical sense organs” of an-

tennal segment five, that I have found in adults of both F. fusca (Table II) and H. verbasci

(Fig. 71 ;
Table IV). I have since located them on this same segment in F. tritici and they are

probably present also inB. yuccae. Slifer {in litt.), after reading my description of them, sug-

gests that these organs may be campanifomi sensilla as the latter are found in the antennal

intersegmental membrane of insects of several orders. They need additional study by trans-

mission electron microscopy. Figure 77 is a scanning electron microscope photo of one of

these structures from segment three of a larva I of H. verbasci.

(4) The single, large sensillum on the dorsal apex of the pedicel that I have called the

“pedicellar campaniform sensillum” (see Figs. 29, 69, 71, 74, 86) was shown by Slifer and

Sekhon (1974) in B. yuccae (but not in F. tritici) to be “a typical coeloconic chemoreceptor”.

They based their conclusion on the uptake, by the “peg” of this structure, of crystal violet

stain. These sensilla are present in all species of thrips in all life stages (Priesner ( 1 960) termed

each an “areola”) and are presumably homologous. Their failure to stain this organ in F. tritici

is probably due to its small size in this species. It is unfortunate that these authors provided

no electron micrographs of the organ, since, in immature stages (Figs. 5, 1 1, 43, 47, 52, 68,

76, 78, 80, 82, and 85), it has more resemblance to a campaniform sensillum.

(5) In F. tritici and B. yuccae “The axons from the sensory neurons of the flagellum join

to form two nerves that pass proximally and unite in subsegment 1 (= antennal segment three)

to form the antennal nerve.” (p. 446; Slifer and Sekhon, 1974). These nerves “are embedded

in the epidermis one opposite the other, and are separated from the lumen by the basement

membrane that lines the cavity”. This aspect was overlooked by me until I read Slifer and

Sekhon’s paper and also by Risler (1957) and Mickoleit (1963). Such details are difficult to

see in sections because they are at the maximum resolving power of the light microscope. I

have since re-examined sections of both larvae and adults of F. fusca and H. verbasci and

found a similar disposition of the antennal nerve in both species (see Figs. 2, 10, 30, 35, 41,

72).

The Johnston’s Organ of thrips has been previously described in the imaginal pedicel of

T. physapus by Risler (1957; Fig. 8a, b) and in those of A. fasciatus, H. statices and P. coria-

ceous by Mickoleit (1963). In all these species it consists “aus 5-6 Gruppen von je 3 Scolopidien”

(p. 113 in Mickoleit). That of H. verbasci is the same, but the Johnston’s Organ of F. fusca

contains up to five scolopidia per chordotonal organ.

Other Insects. — The sense organs of insects are presently being studied intensively by

electron microscopists and electrophysiologists (see reviews of Schneider, 1964; Bullock and

Horridge, 1965;Howse, 1968; Chapman, 1969; Slifer, 1970;Masson and Gabouriaut, 1973;



Antennal Structure and Metamorphosis in Thysanoptera 63

and numerous others). Those of Thysanoptera are similar to those of other insects with the

exception of the pedicellar coeloconic chemoreceptor (= pedicellar campaniform sensillum

of this paper). According to Slifer and Sekhon (1974), “This is the only instance known to

us of the presence, on the pedicel, of this type of chemoreceptor.” (p. 450). Similar organs

on the pedicels of psocids (Badonnel, 1951) and ants (Masson and Gabouriaut, 1973; Fig. 3)

may also prove to be chemoreceptors.

The scolopidia of the Johnston’s Organ of insects can each be innervated by one, two or

three sensory neurons (Howse, 1968; Masson and Gabouriaut, 1973), with two probably being

the characteristic number for Thysanoptera. Ultrastructural details are now known of the

Johnston’s Organ of several species in several different orders (Masson and Gabouriaut, 1973;

and references).

Most male insects have more complex sensilla arrays on their antennae than do females

(Schneider, 1964). This complexity is usually correlated with the ability of their females to

release sex attractants. Such differences are usually absent or are small in insects which live

gregariously or use auditory or visual organs for sexual orientation (Schneider, 1964). Since

most Thysanoptera are gregarious (Lewis, 1973), it is not surprising that the sensilla of the

adults of both sexes are similar. There is no evidence that thrips produce pheromones nor

that “the sexes find each other by means of sense cones on the antennae” (p. 13, Lewis,

1973).

Sense Organ Development. — Most sense organs in insects develop from solitary, epidermal

“mother cells’ (Stammzellen) after a characteristic number of mitotic “differentiative” divisions

(see Fig. 28 in Weber, 1954). Much of the mitotic activity observed in propupal (F. fusca,

H. verbasci) and pupa I {H. verbasci) antennal epidermis is probably of this kind. The number

of divisions giving rise to each antennal sensillum of F. fusca and H. verbasci is unknown as

it is for those of most insects. The ultrastructural details of sensillum differentiation have been

followed in the tactile hairs, thick-walled chemoreceptors and campaniform sensilla of the

cerci of Gryllus bimaculatus Degeer (Orthoptera, Gryllidae) (Schmidt and Gnatzy, 1971

;

Gnatzy and Schmidt, 1972a, b) and in a thin-walled chemoreceptor of the antennae of Necro-

phorus vespilloides Herbst (Coleoptera, Silphidae) (Ernst, 1972). Details described in these

papers are probably similar to those occurring during sense organ development in F. fusca, H.

verbasci and other insects since the fully-developed structure of insect sensilla is basically the

same in all groups (Slifer, 1970).

Evolutionary Considerations

Three closely related evolutionary questions are raised by this study: (1) Why is a more

(//. verbasci) or less {F. fusca) drastic metamorphosis required of the antennae of thrips, when

the larval and imaginal structure of these appendages is no more divergent than that of insects

in which less drastic changes occur (eg. Psyllidae)? (2) How can one account for the origin of

the very different antennal metamorphosis of thripids (F. fusca, L. cerealium) and phlaeo-

thripids {H. verbasci, L. oleae)‘l (3) Why are antennae of the quiescent stages of thripids and

aeolothripids flexed dorsally over the head while those of phlaeothripids are flexed laterally?

My answers to these questions are best understood in the context of some of my previous

conclusions. In two papers on the thysanopteran pretarsus (Heming, 1972, 1973), I suggested

that some structural differences between larvae and adults can be accounted for by the usually

more cryptophilous habits of larvae. I hypothesized also that the quiescent stages of thrips

arose as a consequence of structural divergence between the young and adults of some ances-

tral form (Heming, 1973). Finally, I proposed that many of the structural differences existing

between adults of Terebrantia and Tubulifera, had arisen as a result of the adoption, by the

latter insects, of a mostly cryptophilous existence (Heming, 1970, 1972, 1973).
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Many of the changes occurring during metamorphosis in thrips do not seem to be necessary.

A particularly good example of this is provided by the mouthparts. These are very similar in

larvae and adults (Peterson, 1915; Heming, in prep.) but are greatly reduced and lack function-

al stylets in the quiescent stages (Reyne, 1920, 1927; Heming, in prep.). In Homoptera (except

for male Coccoidea whose adults lack mouthparts) and Heteroptera, functional mouthparts

are usually present in all stages (Weber, 1930; Pesson, 1951a; Poisson, 1951 ;
Woodward et al.,

1970), even in those taxa (eg. Aleyrodidae) having widely divergent juveniles and adults (Weber,

1934). I suggest here that the metamorphosis of the antennae may be another example of

this. Therefore, one answer to question (1) is that the quiescent stages of thrips are relicts of

an ancestral situation in which differences between larvae and adults were greater and pupal

stages more necessary, than is true of present forms. An indication of this is that species in

the more primitive families (Aeolothripidae, Heterothripidae and possibly Merothripidae),

still pupate within a cocoon spun by the second-stage larvae (see Heming, 1973 for a fuller

discussion). Also, members of the primitive, aeolothripid genus Franklinothrips have only a

single pupal stage (Reyne, 1920), just like holometabolous insects. Finally, the quiescent

stages of at least some aeolothripids, unlike those of thripids and phlaeothripids, are unable

to move when disturbed (Derbeneva, 1967), suggesting that greater structural changes occur

during metamorphosis of these insects. Another possibility, of course, is that there are reasons

for holometabolism in present-day thrips that we have not yet discovered.

The answers to questions (2) and (3) may be related to the more cryptophilous life habits

of both larvae and adults of Phlaeothripidae. Aeolothripids, heterothripids and Thripinae

usually pupate in soil (Priesner, 1960; Lewis, 1973) or in cocoons on the leaves (some aeolo-

thripids). Heliothripinae, which are mostly leaf feeders, pupate on the underside of leaves

(Lewis, 1973). In these pupation sites, dorsally flexed antennae are no problem to the bearer.

Phlaeothripids, however, usually pupate in crevices, either on their host plants (gall formers

and other phytophagous species) or under bark and litter (mycophagous forms) (Lewis, 1973).

Because their antennae are either short (propupae) or flexed back tightly against their heads

(pupae I and II), they would offer little hindrance to the movement of the animal if it were

disturbed. The prothorax is usually as wide or wider than the reflexed antennae (Figs. 79, 81,

83-85), and, together, they form a wedge, enabling these stages to further push themselves

into crevices. Their antennae would also not keep them from backing out, whereas the dor-

sally-flexed ones of aeolothripids and thripids would.

The Aeolothripidae is probably the most primitive family of the Thysanoptera (Stannard,

1957; Mickoleit, 1963; Heming, 1973, in prep.). Therefore, the dorsally flexed position of the

antennae in both propupae and pupae is probably primitive in this order. That they are oriented

thus rather than laterally or ventrally as they are in most insect pupae (Peterson, 1960, 1965),

is further evidence that the pupal stages of Thysanoptera are independently derived.

The reason that the antennal (and most other head) muscles of Phlaeothripidae undergo

almost complete dissolution followed by regeneration during metamorphosis, whereas those

of thripids do not, is probably associated with mouthparts and feeding and I prefer to leave

speculation on this topic to a future contribution on the metamorphosis of the mouthparts.
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Note added in proof: “A recent paper by Mound and O’Neill (1974) (Mound, L. A., and

K. O’Neill. 1974. Taxonomy of the Merothripidae, with ecological and phylogenetic consid-

erations. (Thysanoptera). Journal of Natural History 8: 481-509.) received after this manu-

script was submitted, contains a convincing discussion of the phytogeny of the Thysanoptera

that differs somewhat from that illustrated in my 1973 paper (Fig. 50, Heming, 1973). These

authors show a fully-developed tentorium to be present in the heads of adult Damerothrips

Hood and Erotidothrips Hood (Merothripidae) and also illustrate representative antennae for

most species in the Merothripidae. They conclude that the Merothripidae, not the Aeolothripidae,

is the most plesiomorphous of the thysanopteran families.”
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Sufficient dieldrin was applied in July, 1967 to a slough in central Alberta, Canada to give

a concentration ofapproximately 1 ppb in water. Dieldrin concentrations in mud, water, veg-

etation, and invertebrates were monitored by gas chromatography until fall, 1968. Residues

were undetectable in mud, water, and vegetation by the spring of 1968 but persisted at low

levels in resident invertebrate populations throughout the remainder of the study, final con-

centrations varying from 1.8 to 44.6 ppb. Resident primary and secondary invertebrate con-

sumers carried similar levels of dieldrin in their tissues.

The fate of chlorinated hydrocarbon insecticides in mud, water, vegetation, and invertebrates

as determined in this study is compared with the results of similar studies.

Une concentration approchant une partie par milliard de dieldrin dans I’eau d’un marais du

centre de VAlberta tut appliquee en juillet, 1967. Les concentrations dans le lit beueux Veau,

la vegetation et les invertebres tu rent analysees par chromatographic gazeuse fusqu’d Tautomne

de 1968. Aucun residu ne tut decele dans la boue, Veau et la vegetation au printemps de 1968,

mais une concentration tres basse (concentrations finales variant entre 1.8 et 44.6 parties par

billions), a persiste dans les populations des invertebres residants pendant le reste de Vetude.

Les invertebres consomateurs primaires et secondaires residant dans le marais ont demontre

des taux similaires de dieldrin dans leurs tissues.

Le sort des insecticides d ’hydrocarbons chlorines dans la boue, Veau, la vegetation et les

invertebres comme determine dans cette etude est compare aux resultats d’etudes similaires.

INTRODUCTION

Community studies dealing with the effects of chlorinated hydrocarbon^ insecticides on

the diversity of freshwater invertebrates are common. Studies on flowing water systems in-

clude those of Ide (1957), Corbet (1958), Bridges and Andrews (1961), Frey (1961), Hynes

and Williams (1962), Moye and Luckmann (1964), Hitchcock (1965), Dimond (1967), Hat-

field (1969), Fredeen (1972), and Wallace et al. (1973). Lentic studies include those of Grzenda,

Lauer, and Nicholson (1962), Jones and Moyle (1963), Edwards et al. (1964), and Kennedy,

Eller, and Walsh (1970).

In general, these studies deal with relatively high concentrations of pesticides and the inver-

tebrates are not analyzed for residue levels. Unfortunately, studies of the effects of pesticides

on the diversity of freshwater invertebrates are separate from studies of residue levels. In ad-

dition, the effects of dieldrin, a once common agricultural insecticide, on aquatic communities

have not been studied.

* Present Address: Fisheries & Marine Service, Freshwater Institute, 501 University Crescent,

Winnipeg, Manitoba R3T 2N6.

1. I use “chlorinated hydrocarbons” to designate DDT and its related compounds, the

cyclodienes (excluding toxaphene which is not a true cyclodiene; O’Brien, 1967), poly-

chlorinated biphenyls (PCB’s), and the hexachlorocyclohexanes.
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With the advent of more sensitive analytical techniques (Moore, 1967; Edwards, 1970;

Chesters and Konrad, 1971
;
Cope, 1971

;
Muirhead-Thomson, 1971) and the creation of

national pesticide surveillance programs (Breidenbach and Lichtenberg, 1963; Stickel, 1968;

Edwards, 1970; Chesters and Konrad, 1971) pesticide residues have been detected in concen-

trations of tens of parts per billion and less in water (Breidenbach and Lichtenberg, 1963;

Tarzwell, 1965; Westlake and Gunther, 1966; Edwards, 1970; Chesters and Konrad, 1971;

Muirhead-Thomson, 1971); bottom sediments (eg. Morris and Johnson, 1971); and fish (e.g.

Fredeen, Saha, and Royer, 1971). Of these residues, dieldrin is widespread and common (Bues-

cher, Dougherty, and Skrinde, 1964; Green, Gunnerson, and Lichtenberg, 1967; Moore, 1967;

Stickel, 1968; Edwards, 1970; Chesters and Konrad, 1971). The persistence of dieldrin in the

environment has long been known from field studies. Mackay and Wolkoff (1973) have shown

mathematically that the persistence of dieldrin in water was the longest of several compounds

examined (two alkanes, six aromatics, four pesticides, four PCB’s, and one mercury). Its po-

tential evaporation half-life in 1 m^ of water at 25 C was 723 days. Mackay and Wolkoff (1973)

also noted that evaporation rates in the environment may be substantially slower, making

dieldrin one of the most persistent environmental contaminants.

Unfortunately, the literature on the effects of pesticides on fauna is fraught with general-

ities. There exists a belief that the use of pesticides automatically implies an effect on diversity

(e.g. Moore [ 1 967] ;
p. Ill, 113, 114, 1 25). If such is the case, the need to determine the

levels of pesticides in fauna that will cause diversity changes is obvious. Tarzwell (1965),

Moore (1967), and Stickel (1968) discussed this point but only indirectly. However, with re-

spect to DDT in Maine forests, Dimond (1969, p. 5) stated: “.
. . thresholds for such [sub-

lethal] effects are not known. This aspect of the problem needs thorough study in the imme-

diate future.” Cocks (1973, p. 149) noted that “The biological effects of low doses of pesticides

are at present poorly understood”. Edwards and Thompson (1973) noted that only sparse

evidence exists on the effects of sublethal doses of pesticides on soil inhabiting invertebrates.

Menzie (1972, p. 216) stated: “We have only scratched the surface in understanding the sig-

nificance and the effects of low levels of pesticides.”

Trophic level effects (i.e. the concentration of pesticides along food chains) are a commonly

reported result of pesticide use (e.g. Hunt and Bischoff, 1960; Fillmore, in Rudd, 1964; Bridges,

Kallman, and Andrews, 1963; Hickey, Keith, and Coon, 1966; see also reviews by Moore, 1967;

Newsom, 1967; Stickel, 1968; Edwards, 1970; and Cope, 1971) and are an important aspect

of studies of the effects of chlorinated hydrocarbon insecticides on faunal diversity. However,

the study of trophic level effects solely in invertebrates has been neglected.

In 1966, an experiment was begun to examine the effect of a single small addition of dieldrin

to a slough in central Alberta, Canada. The major objectives were to determine the persistence

of dieldrin in the aquatic ecosystem, whether the chemical became concentrated in higher troph-

ic levels of the invertebrate community, and whether such an application had a significant

effect on the diversity of the aquatic invertebrates. The results of the first two objectives are

presented in this report.

METHODS

Introduction.

The occurrence of dieldrin residues in the water, substratum, plants, zooplankton, and

benthic invertebrates was measured in two sloughs in central Alberta, Canada: a control slough

to which no dieldrin was added and an experimental slough to which enough dieldrin was

added in July, 1967 to give a concentration of approximately 1 ppb in water.

Dieldrin was used because of its widespread and common occurrence in freshwater ecosystems.
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and because of its persistence. A concentration of 1 ppb in water was chosen because it was

well below dieldrin LC^q’s for a number of aquatic invertebrates (Rosenberg, 1973). This

concentration fulfilled the requirement of low level dieldrin contamination and ensured that

mass kills of fauna did not occur. Sloughs were chosen as the experimental sites because they

are a common feature of the Edmonton area, they sometimes receive runoff containing pesti-

cides (see Westlake and Gunther, 1966; Van Middelem, 1966), and because their relatively

small size makes community studies more manageable in a practical sense.

Description of study site.

As dieldrin was at no time during the study detected in any of the samples from the control

slough, this slough will not be discussed further here. A detailed description of the control

slough is given in Rosenberg (1973).

The experimental slough (hereinafter called “D”) is located in the parkland area of central

Alberta in the County of Strathcona approximately 14.5 km southeast of the city of Edmon-

ton and in an area of mixed farming. It is at 113° 22' 08" W, 53° 25' 27" N, approximately

738 m above sea level, and has an area of approximately 1 ha. The surrounding terrain has

rolling moraines and kettlehole sloughs. Bayrock and Hughes (1962) described the geology of

the area and Bowser et al. ( 1 962) the soils. For size, shape, and depth contours of D slough

as taken at the start of the study see Fig. 1.

Algal blooms occurred during the period May to October over the 3 years of the study. The

commonest algae were Oscillatoria sp., Nodularia sp., and Mougeotia sp. In 1966 and 1967

the main blooms occurred during July and August and were over by September. However, in

1968 the main blooms occurred during June and July with a minor bloom (mainly Oscillatoria

sp.) in August.

The main submergent vegetation was the hornwort {Ceratophyllum demersum L.). It was

dispersed fairly evenly throughout the slough. Sago pondweed {Potamogeton pectinatus L.)

was present in 1967. It became more common in 1968. Ivy-leaved duckweed {Lemna trisulca

L.) was the dominant species of floating vegetation and lesser duckweed {L. minor L.) was

also present. The emergent vegetation was composed of stands of common cattail {Typha

latifolia L.), great bulrush {Scirpus validus Vahl), and mare’s tail {Hippuris vulgaris L.) which

were discontinuously distributed around the periphery of the slough and faded shoreward

into the sedges (Carex rostrata Stokes, C. aquatilis Wahlenb., and C. atherodes Spreng.) and

Kentucky blue grass {Poa pratensis L.) which in turn continued from the water-land transition

onto the land. Among the sedges and grass along the shore were moss, Drepanocladius aduncus

(Hedw.) Warnst., and liverwort, Rhicciocarpus natans (L.) Corda. A typical hydrarch succession

was evident in the transition from water to land with Populus balsamifera L. being the climax

species (Rosenberg, 1973).

There was an overall decline in the level of water in the slough during the 3 years of the

study, probably caused mainly by the below-average precipitation over the study period.

Maximum and minimum and surface water temperature regimes are shown in Figs. 2 and

3 respectively. Maximum and minimum temperatures generally increased and decreased re-

spectively throughout the study, probably reflecting the inability of the reduced water vol-

ume in the slough to buffer air temperature change. Stratification did not occur.

Since free water was observed in D slough past the end of December in 1966 and 1967, the

slough possibly did not freeze to the bottom in the first (1966/1967) or second (1967/1968)

winters. Almost certainly, however, D slough totally froze in the third winter (1968/1969)

probably because of the much reduced water level.

A Secchi disc could always be seen at the bottom of the deepest part of the slough on a

clear day and turbidity levels (measured by the Model DR-EL Direct Reading Engineer’s

Quaest. Ent, 1975, 1 1 (1)
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Laboratory Hach Kit; Hach Chemical Co.; Ames, Iowa) were in the 0 to 25.0 ppm range.

Oxygen concentrations (Winkler iodometric method: American Public Health Association,

1960) generally did not exceed 20 ppm. Anaerobic conditions were found in the slough in

November and December, September, and February of 1966, 1967, and 1968 respectively.

The only evidence of oxygen stratification was during the open-water period of 1967. Oxy-

gen concentrations usually varied among depth classes. Many times during winter sampling

H2
S was evident.

Dissolved solids, and other dissolved gases were measured by the Hach Kit. Total hardness

was in the 300 to 400 ppm range and the overall mean calcium to magnesium ratio was 1.84.

Alkalinity was mainly due to the bicarbonate ion. The pH varied from 7.65 to 9.30 with an

overall mean of 8.55. Free CO
2
concentrations were generally within the 0 to 10 ppm range.

Values for orthophosphate usually remained below 1.0 ppm throughout the study. Sulphate

was the most abundant anion in the slough. Concentrations of sulphate were generally in the

200 to 350 ppm range. Nitrite and nitrate nitrogen were generally in the 0 to 0.02 ppm and

10 to 25 ppm range respectively. Physical and chemical parameters of the water of D slough

were similar to those of the slough described by Daborn (1969) and within the ranges report-

ed by Hartland-Rowe (1966) for permanent ponds in the Canadian prairies.

Dieldrin application.

To estimate the volume of water for dieldrin application, the slough was re-surveyed and

re-mapped two days before the pesticide was added. Four depth classes were used, and from

the formula in Welch (1948), the volume was calculated to be close to 4.0 X 10^ liters. As

the 0 to 30.5 cm depth class was impossible to delimit in the field, a volume of 4.0 X 10^

liters was used.

The dieldrin used (Shell Canada Ltd.) was an emulsifiable concentrate with an average

concentration of 0.2 X 10^ ppm (Rosenberg, 1973). The amount required to yield a concen-

tration of 1 ppb in 4 X 10^ liters of water was calculated to be 22.7 ml.

The pesticide was applied using a compressed air sprayer (Leigh Products Inc., Universal

Metal Products Div., Sarnac, Mich.) calibrated to ensure an even flow. The boat was rowed

over the slough in patterns meant to yield an even application of the pesticide (Rosenberg,

1973; Fig. 2). The nozzle of the sprayer was held about 5 cm below the water surface to en-

sure that all the pesticide was added to the slough.

Sampling program for gas chromatography.

Eleven sets of dieldrin analyses were done on mud, water, vegetation, and invertebrates:

once before application and eight times after application during the open-water period (at

approximately monthly intervals after application until September, 1967, from May to Sept-

ember, 1968, and in June, 1969) (Table 1). Mud and ice were collected on February 9, 1968

and on March 6, 1969.

Mud and water samples were collected from each slough according to a random sampling

plan and in proportion to the area being sampled. For the collection of mud, core samples

were taken from each quarter of the slough, using a Moore (Phleger) sampler with a glass tube.

The corer sampled the top 7.6 to 10.2 cm of the slough bottom. Samples were pooled by

quarter and a subsample taken for analysis. Water samples were taken, from the shallowest to

the deepest of the four depth classes, with a Kemmerer bottle which was emptied into a 20

liter pesticide-free pail designated for each depth class. A subsample was removed from each

pail for analysis.

Four kinds of vegetation were collected for dieldrin analysis: submergent (C. demersum),

floating {L. trisulca), emergent (C. rostrata), and algae. Algae samples were collected whenever
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possible in 1968 (usually during a bloom). The sampling plan for invertebrates (Rosenberg,

1973) was used to establish the areas from which each type of vegetation was collected. The

samples of each type and from each quarter were put into separate plastic freezer bags for

return to the laboratory and sub-samples removed from the bags for analysis.

Table 1. Samples taken from D slough during the open-water season for dieldrin analysis.

* Sub. = submergent; Float. = floating; Em. = emergent.

** Mixed with algae.

The mud, water, and vegetation samples were stored at 7 to 8 C and gas chromatographic

analysis was usually completed within a few days after their collection.

Sampling of invertebrates was done with a dip net at predetermined locations in the littoral

area of each slough (Rosenberg, 1973). Zooplankton was collected with a Wisconsin plankton

net. Invertebrates were sorted in the field and were put immediately into a portable freezer

containing dry ice. Vials were stored in the laboratory in a -23 C freezer room prior to dieldrin

analysis. Chironomid immatures were also collected from unpreserved benthic samples taken

with a 15.2 cm^ Ekman grab (Rosenberg, 1973). Gastropods were collected at random in

addition to those collected as described above. While it was unnecessary to make quantitative

collections of invertebrates, it was important that enough biomass be collected for gas chro-

matographic analyses.

Methods for the gas chromatographic analysis of mud, water, vegetation, and invertebrates.

Full descriptions of apparatus, reagents, and procedures are given in Rosenberg (1973).

Briefly, water samples were extracted basically according to Breidenbach et al. (1966, p. 22-

25) and injected into the gas chromatograph without cleanup. Extraction of mud was done

Quaest. Ent, 1975, 11 (1)
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according to Tyo (unpublished)^ and cleanup was basically as described in Barry et al. (1968,

section 211.15). Vegetation was extracted according to Barry et al. (1968, section 212.13b

and 212.1 5). Cleanup was the same as for the mud samples. Recovery studies using a 1 ppb
spike in water, 10 ppb in mud, and 100 ppb in vegetation gave average recoveries (3 replicates)

of 86.5, 81.1, and 83.0% respectively.

The confirmatory procedure used involved chemical conversion of dieldrin to a ketone by

boron trifluoride etherate (Skerrett and Baker, 1959; J. Singh^, personal communication).

Published accounts of extraction and cleanup procedures specifically for the gas chroma-

tographic analysis of chlorinated hydrocarbon residues in aquatic invertebrates are rare in the

literature. Therefore, a description of the method developed for invertebrates and used in

this study is given in Appendix I. To provide maximum sensitivity, invertebrate specimens

were pooled wherever necessary and possible (e.g. see Fredeen et al., 1971
;
Bradshaw et al.,

1972). In such instances, attempts were made to keep lower ranking taxa separate but where

it was obvious that it would be impossible to detect any residue unless a larger sample was

used, lower taxa were combined. Primary and secondary consumers were kept separate (ex-

cept for one sample of Hirudinea, see Table 9).

An SE30 column in the Varian 2100 gas chromatograph was used as a confirmatory pro-

cedure for invertebrate samples additional to a micro-coulometric system and the boron tri-

fluoride conversion (Rosenberg, 1973).

Concentrations of dieldrin in mud, vegetation, and invertebrates are on a wet-weight basis.

RESULTS

No dieldrin was detectable in mud, water, vegetation or invertebrates prior to application.

Dieldrin concentrations in the mud and water of D slough after application are shown in

Table 2. Residues in mud went below detectable levels between 47 days after application

(September 6, 1967) and the next date of sampling, 203 days after application (February 9,

1968). The actual time was probably closer to the first date given because concentrations

were less than 1 ppb at that time.

Table 2. Dieldrin concentrations (ppb) in mud and water of D slough°°.

Days after Mud (quarters) Water (depth classes-cm)

Application SW SE NW NE 30.5-58.4 59.4-88.9 89.9-119.4 120.4 plus

1 4.56 4.70* 3.20 0.21 0.15 0.56 0.46

20 0.54+ <el++ <el <el
**

O.J2_ 0.12 <el

47 <el 0.53 0.59 0.72 <el <el <el

* Solid underlining = confirmed with boron trifluoride etherate.

** Broken underlining = boron trifluoride etherate conversion unclear due to excessively dirty sample or sample with

insufficient dieldrin for confirmatory procedure.

+ Five times usual volume injected to get value.

++ Below experimental limits of detection.

Corrected to 100% recovery.

2. R. M. Tyo: Pacific Northwest Water Laboratory, Federal Water Pollution Control Admin-

istration, U. S. Department of the Interior, Corvallis, Oregon. See Rosenberg (1973) for

method.

3. Scientific Services Laboratory, Canada Department of Agriculture, Ottawa, Ontario.

See Rosenberg (1973) for method.
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Maximum concentrations of dieldrin in water were reached the day after dieldrin applica-

tion and were below detectable levels shortly after 20 days after application (Table 2).

Residues in the submergent vegetation went below detectable levels some time between

47 days after application (September 6, 1967) and the first sampling of the following spring,

315 days after application (May 31, 1968) (Table 3). As in the mud samples, the time was

probably closer to the former because of the relatively low levels present at that time.

Table 3. Dieldrin concentrations (ppb) in vegetation of D slough°°.

Days after

Application SW
Emergent (quarter)

SE NW NE
Submergent (quarter)

SW SE NW NE SW
Floating (quarter)

SE NW NE

1 4.03 12.81+ 1-57 5.54, 41.24 32.55,. 51.25 18.11

10.59 58.23*

20 7.60 <el++ <el < el 21.36 19.61 23.68 29.76

47 <el < el < el < el 0.49 0.91 2.78 2.65_

* Solid underlining = confirmed with boron trifiuoride etherate.

+ Broken underlining = boron trifiuoride etherate conversion unclear because of excessively dirty sample or sample with

insufficient dieldrin for confirmatory procedure.

++ Below experimental limits of detection.

°° Corrected to 100% recovery.

Dieldrin concentrations in zooplankton were at a maximum on the day after treatment and

thereafter they declined steadily (Table 4). The initial concentration of dieldrin was the high-

est recorded for any ecosystem component for the study. Dieldrin residues were still detectable

at the end of the study, 424 days after dieldrin application.

*
Table 4. Dieldrin concentrations in zooplankton of D slough.

Days after

Application

Sample & Size

(g)

Dieldrin Concentration

(ppb)

Confirmation

Microcoulometric Boron Trifiuoride Etherate

2 0.16 362.88

21 2.45 41.55 positive positive

48 No.l 2.04 24.84

No.2 3.06 41.31 positive

349 0.84 5.14

376 0.52 6.65
positive+

424 1.17 5.27 positive

* The samples analyzed were composed mainly of Daphnia sp., Diaptomus sp., and Cyclops sp.

+ These samples combined to have sufficient weight of dieldrin for confirmation.

Dieldrin concentrations in Gastropoda of D slough are shown in Table 5. A number of sam-

ples showed no detectable residues because an insufficient weight of snail tissue was originally

used for extraction and cleanup. The negative confirmation for L. stagnalis sample number 2

for 348 and 349 days after application and H. trivolvis (Say) for 424 days after application

was due to the injection of an insufficient volume of sample (and hence weight of dieldrin)

into the microcoulometric apparatus. Highest residues generally occurred 2 days after dieldrin

apphcation and were still detectable in sufficiently large samples at the end of the study.

Tables 6 and 7 show residue concentrations in the Hemiptera of D slough. Residues in

Quaest Ent, 1975, 11 (1)
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adult Corixidae and Notonectidae were highest 2 days after dieldrin application. Residues were

below detectable levels in the immature corixids 349 days after application (July 4, 1968)

probably because the sample used was too small (Table 6). The larger sample of N. undulata

Say immatures 376 days after application (July 31, 1968) gave positive results (Table 7). How-

ever, the absence of detectable levels of dieldrin in adult C. audeni Hungerford and TV. undulata

in 1968 probably reflects a true absence because some of the samples analyzed were relatively

quite large (see Table 6, 349 days after application; and Table 7, 376 days after application).

Adult corixids and notonectids are capable of leaving and entering habitats and so the absence

of detectable dieldrin in 1968 is not surprising.

Table 5. Dieldrin concentrations in Gastropoda of D slough.

Days after

Application Species

Sample &
Size (g)

Dieldrin

Concentration

(ppb)

MC*
Confirmation

SE30+ BF^ Etherate

2 Lymnaea stagnalis No.l 2.00 105.39 positive

2 2.01 114.92

3 2.01 111.23 positive

4 2.01 121.62

5 2.00 162.31

6 2.00 193.90 positive

7 2.01 198.27 positive

8 2.01 200.18

21 L. stagnalis No.l 2.00 99.01

2 2.01 120.28 positive

3 2.01 120.37

L. elodes 1.33 47.37 positive

Helisoma trivolvis 0.69 51.82

48 L. stagnalis No.l 0.29 145.47

2 1.43 10.49 positive

313 L. stagnalis &
L. elodes 1.71 35.24 positive

348 &
349 L. stagnalis No.l 6.64 22.31 positive positive

2 2.01 4.98 negative

3 2.00 <el** negative

4 2.01 < el negative

376 L. stagnalis 3.50 10.64

L. elodes 4.13 9.41

H. trivolvis 3.81 5.03

424 L. stagnalis No.l 5.91 4.02

2 2.00 <el

3 2.00 < el

4 2.00 < el

5 5.03 6.80

6 2.01 < el

7 2.01 <el

8 2.00 < el

positive



Fate of Dieldrin in Invertebrates
79

Table 5. (concluded). Dieldrin concentrations in Gastropoda of D slough.

Days after

Application Species

Sample &
Size (g)

Dieldrin

Concentration

(ppb)

MC*
Confirmation

SESO"*" BF^ Etherate

L. elodes 2.02 < el

H. trivolvis 2.01 2.07 negative

* Microcoulometric.

+ Varian Aerograph 2100 using 3% SE-30 on 100/120 mesh Aeropak 30 column packing.

** Below experimental limits of detection.

Table 6. Dieldrin concentrations in Corixidae of D slough.

Days after

Application

Species or

Group

Sample &
Size (g)

Dieldrin

Concentration

(ppb) MC*
Confirmation

SE30'^ BFj Etherate

2 Callicorixa audeni No.l 2.00 51.37 positive

2 2.00 55.45 positive

3 2.00 182.81 positive

4 2.00 156.58

21 4 species 1.14 35.66

48 C. audeni No.l 2.39 11.99 positive

2 1.94 18.44 positive

313 C. audeni 0.58 <el**

349 immatures 1.96 < el

C. audeni 3.79 < el

376 C. audeni No.l 1.96 < el

2 3.20 < el

424 C. audeni No.l 2.52 < el

2 2.87 < el

* Microcoulometric.

+ Varian Aerograph 2100 using 3% SE-30 on 100/120 mesh Aeropak 30 column packing.

** Below experimental limits of detection.

++ C. audeni, C. alaskensis, H. atopodonta, S. decoraiella.

Dieldrin residues in larval Chironomidae are given in Table 8. Highest concentrations were

reached 21 days after application. Residues were still detectable in primary consumers at the

end of the study. It is likely that residues were not detected in the secondary consumers

(Tanypodinae) because of the small sample sizes.

Species of Hirudinea analyzed are shown in Table 9 and the results of the analyses in Table

10. The sample for 349 days after application (July 4, 1968) was too small to yield a detectable

dieldrin level. Maximum residue concentrations were reached 21 days after application, the

first date after application that leeches could be collected, and were still present when the

study ended.

Quaest. Ent, 1975, 1 1 (1)
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Table 7. Dieldrin concentrations in Notonecta undulata of D slough.

Days after

Application

Life

Stage

Sample &
Size (g)

Dieldrin

Concentration

(ppb)

Confirmation

MC BF^ Etherate

2 adults 2.63 88.42 positive positive

21 adults 2.40 45.27

48 adults 0.38 37.11

376 adults 2.57 < el+ negative

424 adults 0.39 < el

376 immatures No.l 3.18 2.17

2 2.42 1.62

* Microcoulometric.

+ Below experimental limits of detection.

Table 8. Dieldrin concentrations in larval Chironomidae of D slough.

Days after Sample Size Dieldrin

Application Genus (g) Concentration Confirmation

(ppb) MC* BF
3
Etherate

Primary Consumers:

2 Chironomus 0.84 44.13 positive positive

6 & 13** 5 genera"*" 0.81 64.45 positive

21 7 genera"*"*" 0.10 82.75

48 5 genera"*""*""*" 0.21 34.24

313 Chironomus 1.44 9.84

343 Chironomus 6.05 11.86 positive

349 Chironomus &
Glyptotendipes 1.80 5.10

362 Chironomus &
Glyptotendipes 2.66 7.64

376 Chironomus 2.23 4.99

Glyptotendipes 5.61 6.89 positive

378 Chironomus 4.40 6.67

390 Chironomus 3.32 4.26

424 Glyptotendipes 4.51 2.95

Secondary Consumers:

313 Psectrotanypus 0.07 <elt
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Table 8. (concluded). Dieldrin concentrations in larval Chironomidae of D slough.

Days after

Application Genus

Sample Size

(g)

Dieldrin

Concentration

(ppb) MC*
Confirmation

BF^ Etherate

349 Psectrotanypus 0.44 <el

376 Psectrotanypus 0.11 < el

424 Psectrotanypus 0.39 < el

* Microcoulometric.

** These two dates were combined.

+ Chironomus, Dicrotendipes, Einfeldia pagana & pectoralis grps., Glyptotendipes, Paratanytarsus.

++ Acricotopus, Chironomus, Glyptotendipes, Parachironomus, Cricotopus (“Paratrichocladius” type^, Psectrocladius,

unidentified Orthocladiinae genus.

+++ Chironomus, Dicrotendipes, Endochironomus, Glyptotendipes, Psectrocladius.

f Below experimental limits of detection.

Table 9. Species of Hirudinea used in gas chromatographic analyses of dieldrin concentrations

in D slough.

Days after

Application Family Species in Sample

21 Erpobdellidae

Glossiphoniidae

Erpobdella punctata Leidy, Mooreobdella fervida (Verrill)

Glossiphonia complanata (L.), Helobdella fusca (Castle), H. stagnalis (L.),

Theromyzon sp.

48 Erpobdellidae

Glossiphoniidae

E. punctata, M. fervida

G. complanata, H. fusca, Theromyzon sp.

349 Glossiphoniidae G. complanata, H. fusca, Oculobdella lucida Meyer and Moore, Theromyzon

sp.

376 Glossiphoniidae G. complanata, H. fusca, 0. lucida, Theromyzon sp.

424 Erpobdellidae &
Glossiphoniidae

M. fervida

G. complanata, H. fusca, H. stagnalis, 0. lucida, Theromyzon sp.

Names of Zygoptera and Libellulidae used in gas chromatographic analyses for each date

are given in Tables 1 1 and 12. Results of the analyses of Odonata are shown in Table 13.

Residues reached maximum concentrations in Anisoptera in 2 1 days and in Zygoptera 2 days

after application. Residues were still present at the end of the study.

Names of larval and adult Dytiscidae used in gas chromatographic analyses for each date

are given in Tables 14 and 1 5. The results of these analyses are given in Table 16. As with the

adult Corixidae and Notonectidae, adult Dytiscidae are capable of moving in and out of habi-

tats. Therefore, the origin of the high residue value in the sample from 376 days after applica-

tion (July 31, 1968) is questionable. Maximum residues occurred in the larvae 2 days after

application and in the adults 48 days after application. Residues were still present in both

life stages at the end of the study.

Quaest. Ent., 1975, 1 1 (1)
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Table 10. Dieldrin concentrations in Hirudinea of D slough.

Days after

Application Family

Sample Size

(g)

Dieldrin

Concentration Confirmation

(ppb) MC* BEg Etherate

21 Erpobdellidae

Glossiphoniidae

0.72

0.39

71.41 positive

131.42

48 Erpobdellidae

Glossiphoniidae

1.36

1.39

46.65 positive"*"

58.11 positive positive

349 Glossiphoniidae 0.28 <elt

376 Glossiphoniidae 1.92 4.56

424 Erpobdellidae &
Glossiphoniidae 3.84 3.73

* Microcoulometric.

+ Unclear.

t Below experimental limits of detection.

Table 11. Species of Libellulidae used in

tions in D slough.

gas chromatographic analyses of dieldrin concentra-

Days after

Application Species in Sample

2 Leucorrhinia Intacta Hagen, Sympetrum costiferum (Hagen), S. internum Montgomery

21 L. intacta, S. costiferum, S. internum

48 L. intacta

349 S. costiferum

376 S. costiferum

Table 1 2. Species of Zygoptera used in gas chromatographic analyses of dieldrin concentrations

in D slough.

Days after

Application Taxon Species in Sample

2 Enallagma-Coemgrion Coenagrion angulatum Walker, C. resolutum Hagen, Enallagma

cyathigerum (Charpentier), E. hageni (Walsh), Enallagma-Coen-

agrion

21 Enallagma-Coenagrion C. angulatum, C. resoutum, E. cyathigerum, E. hageni, Enallagma-

Coenagrion

48 Enallagma-Coemgrion C. angulatum, C. resolutum, E. civile (Hagen), £. cyathigerum,

E. hageni, C. resolutum-E. cyathigerum, Enallagma-Coenagrion

313 Enallagma-Coenagrion C. angulatum, C. resolutum, E. civile, E. cyathigerum, C. resolutum-

E. cyathigerum, Enallagma-Coenagrion
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Table 12. (concluded). Species of Zygoptera used in gas chromatographic analyses of dieldrin

concentrations in D slough.

Days after

Application Taxon Species in Sample

349 Zygoptera Lestidae: Lestes congener Hagen, L. disjunctus Selys; Coenagrion-

idae: C. angulatum, C. resolutum, E. civile, E. cyathigerum, C.

resolutum-E. cyathigerum, Enallagma-Coenagrion

376 Enallagma-Coenagrion C. angulatum, C. resolutum, E. cyathigerum, C. resolutum-E.

cyathigerum, Enallagma-Coenagrion

424 Enallagma-Coenagrion C. angulatum, C. resolutum, E. cyathigerum, E. hageni, C. resolutum-

E. cyathigerum, Enallagma-Coenagrion

Table 13. Dieldrin concentrations in larval Odonata of D slough.

Days after

Application Taxon Sample Size

(g)

Dieldrin

Concentration

(ppb)

Confirmation

BF^ Etherate

2
A. Aeshna interrupta

1.26 10.36

21 1.34 36.37 positive

48 1.12 8.89

313 1.95 2.63

349 4.26 3.95 positive

316 1.06 3.15

B. LibeUulidae

2 2.12 82.83

21 1.13 87.17 positive

48 0.94 8.15

349 3.25 4.09

376 1.34 4.38

C. Zygoptera

2 Lestes congener No.l 1.81 56.76

2 2.51 45.30 positive

3 2.79 32.08

L. disjunctus 1.09 32.13

Enallagma-

Coenagrion 0.29 35.04

21 L. congener 0.90 9.31

Enallagma-

Coenagrion 2.14 22.45

48 Enallagma-

Coenagrion 4.09 8.23

313 Enallagma-

Coenagrion 3.26 1.91

349 mixture 1.58 0.68

376 Enallagma-

Coenagrion 0.59 7.57

424 Enallagma-

Coenagrion 1.37 1.83

Quaest. EnL, 1975, 11 (1)
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Table 14. Genera of Dytiscidae larvae used in gas chromatographic analyses of dieldrin con-

centrations in D slough.

Days after

Application Genera in Sample

2 Agabus, Dytiscus, Graphoderus, Laccophilus, Rhantus or Colymbetes

313 Agabus, Graphoderus, Rhantus or Colymbetes

349 Agabus, Graphoderus, Hydroporus or Hygrotus, Laccophilus, Rhantus or

Colymbetes

376 Laccophilus, Rhantus or Colymbetes

Table 15. Species of Dytiscidae adults used in gas chromatographic analyses of dieldrin con-

centrations in D slough.

Days after

Application Species in Sample

2 Colymbetes sculptilis Harr., Graphoderus perplexus Shp., Hygrotus dispar Lee.,

Rhantus frontalis Marsh

21 C. sculptilis, Dytiscus ooligbucki Kby., G. perplexus, R. frontalis

48 C. sculptilis, R. consimilis Mots., 7?. frontalis

313 Agabus antennatus Leech, C sculptilis, D. ooligbucki, H. dispar, Lllybius

subaeneus Er., Laccophilus biguttatus Kby., R. consimilis, R. frontalis, R.

wallisi Hatch

349 Acilius semisulcatus? Aube, C. sculptilis, G. occidentalis Horn, G. perplexus,

H. sayi Balf.-Br., R. consimilis, R. frontalis

376 C. sculptilis, G. occidentalis, G. perplexus, H. dispar, I. subaeneus, L. biguttatus,

R. frontalis

Table 16. Dieldrin concentrations in Dytiscidae of D slough.

Days after Dieldrin

Application Sample Size Concentration Confirmation

(g) (ppb) BF^ Etherate

A. Larvae

2 0.61 112.02 positive

313 0.10 24.65

349 0.93 22.96 positive

376 0.79 6.40

B. Adults

2 1.25 99.02

21 2.04 110.42 positive

48 0.77 142.63

313 3.07 43.95

349 1.41 16.41

376 1.07 44.63 positive
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95% confidence limits for sampling dates which have three or more replicates of the same

type of sample (for all environmental components of the study) are given in Table 17. The

reader’s attention is drawn to the excellent reviews of Kenaga (1972, 1973) and Moriarty

(1972) for a discussion of the factors that can cause variability in determinations of pesticide

residues.

Table 17. 95% confidence limits for dieldrin concentrations in mud, water, vegetation, and

invertebrates from sampling dates with three replicates or more.

Material Sample Date

Mean Concentration (ppb) &
95% Confidence Limits

mud July 22, 1967 4.15 ± 2.06

Sept. 6, 1967 0.61 ± 1.93

water

vegetation

July 22, 1967 0.35 ± 0.99

-emergent* July 22, 1967 7.51 ± 4.89

-submergent** July 22, 1967 40.28 ± 19.57

Aug. 10, 1967 23.61 ± 7.06

invertebrates

Sept. 6, 1968 1.71 ± 1.88

-L. stagnalis July 23, 1967 150.98 ± 35.31

Aug. 11, 1967 113.22 ± 52.93

-C. audeni July 23, 1967 111.55 ±108.12

-Zygoptera July 23, 1967 40.26 ± 13.29

C. rostrata

C. demersum and L. trisulca

DISCUSSION

Table 18 summarizes some parameters of this and other studies done on the fate of the

chlorinated hydrocarbons added to whole ecosystems. It compares times at which maximum
concentrations are reached and pesticide is no longer detectable in mud and/or sediment.

“Length of Time until Maximum Concentration” should be interpreted with caution because

the different authors did not use equivalent time intervals in their analyses. Maximum con-

centration has been used here because, for most studies, the actual amount of pesticide that

entered the water after application is not known^. Data are insufficient to correlate maximum
concentration with length of time until residues were undetectable. However, an indication

exists that lower concentrations became undetectable faster (see Croker and Wilson, 1965).

Again, caution should be used in drawing such conclusions because sensitivity of most of the

analytical methods used is unknown.

It is apparent from Table 19 that maximum concentrations and the time until residues are

detectable are reached sooner in water than in any other ecosystem component and these

rates would seem to be independent of initial concentration. The maximum mean concentra-

tion of 0.35 ppb in the water of D slough was below the concentration intended (1.0 ppb).

However, Bridges et al. (1963) and Meeks (1968) showed that the maximum concentration

of DDT in the water samples studied by them was reached in the first hour after treatment

4. In both Vaajakorpi and Salonen (1973) and this study the insecticide was added below

the water surface.

Quaest. Ent., 1975, 11 (1)
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and by the following day, levels were approximately 1/25 and 1/2 the maximum concentra-

tion respectively. Thus, almost certainly the maximum concentration of dieldrin in the water

of D slough was greater than 0.35 ppb. The rapid decline of chlorinated hydrocarbon concen-

trations is due to two major processes: their relative insolubility in water, compared to organ-

ic matter, which causes them to preferentially attach to organic matter and be removed from

the water (e.g. by settling to the bottom) (Edwards, 1970; Muirhead-Thomson, 1971
;
Cope,

1971) and co-distillation (Eberhardt, Meeks, and Peterle, 1971).

Table 18. Some parameters of and decline of chlorinated hydrocarbon pesticide residues in

mud and/or sediment of studies cited.

Reference Pesticide

Used

Application

Rate

Maximum

Concentration

Time to

Maximum

Concentration

Time until

Residues

Undetectable

Bridges (1961) endrin 6 oz/acre 0.80 ppm 53 days* 61-75 days

Bridges et al. (1963) DDT 0.02 ppm in

water

8.30 ppm 1 day No mud samples

taken after 8

weeks; level at

that time: 0.19

ppm.

Edwards et al. (1964) DDD 1.0 Ib/acre 1.02 Ib/acre 7 days Study terminated

after 9 months;

level at that time:

0.12 Ib/acre.

Croker and Wilson

(1965)

DDT 0.2 Ib/acre 3.35 ppm 6 weeks Study terminated

after 1 1 weeks;

level at that

time: 0.76 ppm.

Meeks (1968) DDT-Cl^^ 0.2 Ib/acre Not applicable.

Topsoil analyzed.

Vaajakorpi and Salonen

(1973)

DDT-^^C 1 mg/m (i.e.

1 ppb in water)

1.12 ppm 1 day Study terminated

after 59 days;

level at that time:

0.71 ppm.

this study dieldrin 1.0 ppb in

water

4.15 ppb 1 day 7-29 weeks

Mud not sampled until 16 days after application of endrin.

Bridges et al. (1963) and Meeks (1968) continued to detect residue levels in submergent

and emergent vegetation in the year following application whereas I did not (Table 20). [The

maximum concentrations given for Meeks (1968) and Vaajakorpi and Salonen (1973) are

the highest of the species of submergent and emergent vegetation analyzed. For Meeks (1968),

the length of time until residues could not be detected is the time of the final sample for the

species which had the lowest level of pesticide] . This could be a function of the low initial

concentration of my study. As in Meeks (1968), submergent vegetation of my study had

higher levels of residues than emergent. This is a function of the surface area available for

the pesticides to be adsorbed (Meeks and Peterle, 1967). Among the studies in Table 20
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Table 19. Decline of chlorinated hydrocarbon pesticide residues in water of studies cited.

Reference Maximum Concentration

of Pesticide (ppm)

Time to Maximum

Concentration

Time until Residues

Undetectable

Bridges (1961) 0.04 4 days"^ 26 to 34 days

Bridges et al. (1963) 0.08 30 min 3 to 4 weeks

Edwards et al. (1964) 0.05 to 0.10 1 day 2 weeks

Croker and Wilson (1965) * 0.05 1 day 5 to 7 days

Meeks (1968) 0.003 1 hr 2 weeks to 1 month

Vaajakorpi and Salonen

(1973)

0.86 12 hr Study terminated at 59

days; level at that time:

0.01 ppm.

this study approx. 0.00035 1 day 2 to 3 weeks

+ Water not sampled untd 4 days after endrin applied.

* This data: from holding sites. (See original pubhcation).

Table 20. Decline of chlorinated hydrocarbon pesticide residues in submergent and emergent

vegetation of studies cited.

Reference

Type of Vegetation

Sub. Em.

Maximum

Concentration

(ppm)

Time to

Maximum

Concentration

Time until Residues

Undetectable

Bridges (1961) + 0.55 16 days* 44 to 53 days

Bridges et al. (1963) + 30.7 30 min Study terminated after

12 months; level: 0.6

ppm (pre-treatment

level: 0.8 ppm). There-

fore, 8 weeks to 12 months.

Croker and Wilson

(1965)

+ 75.0 3 to 4 weeks No samples taken after

7 weeks; level: 9.1 ppm.

Meeks (1968)t +

+

96.1 {Cladophora

sp.)

11.4 (Sagittaria latifolia

WUld.)

3 days**

1 day

Study terminated after

15 months; level: 0.1 ppm.

Study terminated after

15 months; level: 0.1 ppm.

Vaajakorpi and Salonen

(1973)

+ 7.25 (Utricularia

sp.)

2 days No samples of Utricularia

sp. taken after 30 days;

level: 1.98 ppm. Study

terminated after 59 days;

level in Drepanocladius

sp.: 0.22 ppm.

this study +

+

0.0408

0.0075

1 day

1 day

47 to 323 days

20 to 47 days

* No vegetation samples taken until 16 days after endrin applied.

** Sample not taken until 3 days after application,

t See discussion in text.

Quaest. Ent., 1975, 1 1 (1)
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“Time to Maximum Concentration” varies but indications are that it occurs within the first

day after application. Also, there are indications that the higher initial concentrations persist

longer than the lower ones.

Undoubtedly, the initial high concentration of dieldrin in zooplankton was due to the high

surface to volume ratio of zooplankton (Kenaga, 1973). Crosby and Tucker (1971) reported

accumulations of DDT from dilute suspensions in water of 16,000 to 23,000 times by Daph-

nia magna Strauss. Wojtalik, Hall, and Hill (1971) reported uptake of high concentrations of

2, 4-D by plankters. Johnson et al. (1971) reported the rapid direct uptake of aldrin and

DDT from water by the freshwater invertebrates of their study and that D. magna and Culex

pipiens L. showed the greatest degree of magnification. Sanders and Chandler (1972) found

that D. magna had the highest magnification factor of the eight species of invertebrates ex-

posed to PCB’s in the ppb range. Hughes and Lee (1973) reported that net plankton accumu-

lated large amounts of toxaphene. The differential solubility of chlorinated hydrocarbon in-

secticides causes them to move directly to organic matter as soon as they are applied to water

(Dustman and Stickel, 1969; Edwards, 1970; Muirhead-Thomson, 1971;Cope, 1971) and it

has been shown that these hydrophobic compounds adhere to suspended organic particles in

the water (Nicholson, 1967; Stickel, 1968; Wurster, 1969; Edwards, 1970). Vaajakorpi and

Salonen (1973) showed that 3 p diameter seston had higher DDT concentrations than 8 p

diameter seston and had the highest DDT concentrations of any of the ecosystem components

they analyzed. Reinert (1967) showed that Daphnia accumulated more dieldrin from water

than from food. Plankton, therefore, merely serve as immediately accessible suspended or-

ganic particles to which chlorinated hydrocarbons move directly when applied to water. In

fact, because of their lipid content, greater chlorinated hydrocarbon deposition may occur in

plankton than in other organic seston (Cope, 1971 ;
see also Kawatski and Schmulbach, 1971).

Residues in the planorbids and Lymnaea sp. of Meeks’ (1968) study reached a maximum
concentration 1 and 3 days respectively after application of the DDT-Cp^. The snails of my
study reached maximum observed residue concentrations on the first sampling date, which

was 2 days after application. Maximum concentrations in Meeks’ study were among the low-

est of all the invertebrates. Those of the L. stagnalis of my study were second only to the

zooplankton. I used only soft tissues for analysis whereas Meeks probably used the whole

body. Because the shell is such a large percentage of the total weight, and because later analyses

by Meeks of planorbids showed the shells had no residues, the concentrations reported by

Meeks are likely underestimates. Meeks reported the presence of residues in both kinds of

snails at the end of the study (13 months after application). Eevels were still detectable in

L. stagnalis and H. trivolvis at the end of my study (approximately 14 months after applica-

tion).

Residues in notonectids of Meeks’ (1968) and Vaajakorpi and Salonen’s (1973) studies

were at a maximum 1 week and 2 to 4 days respectively after application of the DDT. In my
study, maximum concentrations were reached in adults on the second day after application.

Meeks recorded no residue levels in the notonectid samples he studied in the second and twelfth

months after application, and a relatively low level in the thirteenth month. Vaajakorpi and

Salonen continued to detect DDT in Notonecta sp. until their last sampling (30 days after

application). Neither works indicated whether the notonectids were adults or immatures.

Because adult corixids and notonectids can fly, their reliability as indicators of pesticide levels

in habitats is questionable. Similar rationale (i.e. that movement of the indicator organism be

restricted to the area under study) was used by Gish (1970), Foehrenbach (1972), and Coulson

et al. (1972) in choosing the indicator species of their studies.

The maximum concentration of residues in the bloodworm (Tendipes sp.) of Meeks’ (1968)

study was reached 1 week after application. In my study, maximum concentration was reached
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in 3 weeks. This delay was also shown by the Libellulidae, Aeshna interrupta Walker, and

adult Dytiscidae of my study (see below). Unfortunately, analysis of chironomids in Meeks

(1968) was ended 1 month after application. The residues in the chironomid primary consumers

of my study were still detectable at the end of the study (approximately 14 months after ap-

plication).

Meeks (1968) analyzed Erpobdella punctata, a species of Hirudinea present in D slough

and used in my analyses of residues (see Table 9). He reported that a maximum concentration

of residue was reached 2 weeks after application of the pesticide and that E. punctata had

the highest residues of all the invertebrates analyzed. In my study, the Erpobdellidae, the

family to which E. punctata belongs, had lower residue levels in general than the Glossiphoni-

idae and the leeches did not have the highest residues of the invertebrates. Residues were still

present in leeches of both studies when the studies were terminated (Meeks’ — 1 5 months;

and mine — approximately 14 months after application).

Residues in the Anisoptera and Zygoptera larvae of Meeks’ (1968) study reached maximum
concentrations 1 week after pesticide application. Vaajakorpi and Salonen (1973) reported

maximum concentrations in Odonata larvae 2 weeks after application of the DDT. In my study,

maximum concentrations were detected in Anisoptera in 3 weeks and in Zygoptera in 2 days.

Residues were still present in the Odonata at the termination of the studies (Meeks’ — 1

3

months; Vaajakorpi and Salonen’s — 59 days; and mine - 14 months after application).

Neither Meeks (1968) nor Vaajakorpi and Salonen (1973) presented any data for Dytiscidae.

Tables 21 and 22 show maximum and final pesticide concentrations of primary and secon-

dary consumers in Meeks (1968), Vaajakorpi and Salonen (1973), and this study. (I hesitate

to accept the results of the adult Dytiscidae analyses shown in Table 22 because they are the

only group that showed a dramatic rise at the end of the study; and because they are capable

of entering and leaving the slough so their role as indicators of pesticide relationships in the

slough is open to question). It is evident from these tables that similar ranges of pesticide con-

centrations exist between primary and secondary consumers. The reality of food chain con-

centration of chlorinated hydrocarbon insecticides in invertebrate communities is discussed

in Rosenberg (1975).

Table 21. Maximum and final DDT concentrations (ppm) in invertebrates of Meeks (1968)

and Vaajakorpi and Salonen (1973).

Taxon Ma.ximum

Concentration

Final

Concentration

Primary consumers:

Gastropoda - Planorbidae 1.1 0.2

- Lymnaea sp. 2.2 1.2

•Pelecypoda - Sphaeriiim sp. 3.0 0.2

'‘Trichoptera 1.7 0.4

Chtronomidae 5.2 2.0

Erpobdellidae* 12.6 2.3

Amphipoda 6.2 0

crayfish 3.8 0.3

Secondary consumers;

Notonectidae 3.2 0.2

'^Notonecta sp. 0.3 0.2

Odonata - Zygoptera 3.8 0.9

- Anisoptera 1.7 0.2

•Odonata (unspecified) 0.5 0.2

Arbitrarily called primary consumers. They are scavengers or feed on aquatic invertebrates (Pennak, 1953; A. R. Smith,

Alberta Department of Lands and Forests, Fish and Wildlife Division, Edmonton, Alberta; unpubUshed). That is, they

are “opportunistic” feeders.

From Vaajakorpi and Salonen (1973). The other data are from Meeks (1968).
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Table 22. Maximum and final dieldrin concentrations (ppb) in invertebrates of this study.

Taxon Maximum

Concentration

Final

Concentration

Primary consumers:

zooplankton 362.9 5.3

Gastropoda - L. stagnalis 151.0 5.4

- L. elodes 47.4 9.4

- H. trivolvis 51.8 2.1

Corixidae (adults) 111.6 15.2

Chironomidae - mixture 82.8

- Chironomus 44.1 4.3

- Glyptotendipes 3.0

Erpobdellidae 71.4 3.7

Secondary consumers:

Glossiphoniidae 131.4 3.7

Notonectidae - adults 88.4 < el°o

- immatures 2.2

Odonata — Zygoptera 37.3 1.8

— Libellutidae 87.2 4.4

- Aeschna intemipta 36.4 3.2

Dytiscidae - adults 142.6 44.6

- larvae 112.0 6.4

Below experimental limits of detection.

The decline of dieldrin concentrations in mud, water, vegetation, and invertebrates of D
slough is a result of complex interactions of physical and biological processes. This subject

is reviewed in Rosenberg (1973). In general, the declines of dieldrin residues in mud, water,

vegetation, and invertebrates in D slough follows the form of the first order kinetics model

described for acute applications by Eberhardt et al. (1971). [See Rosenberg (1973) for graphs

of dieldrin declines in the ecosystem components discussed above]. Cooke (1973) noted that

repeated (chronic) dosing would cause a greater proportion of the pesticide to be stored in

fatty tissues from which residues would be lost slowly whereas in a single (acute) dose the

residues are lost quickly because only low concentrations are accumulated in the fat. Residues

in the ecosystem components of this study, therefore, are mostly in the “fast compartment”

of Eberhardt et al.’s (1971) model.

SUMMARY AND CONCLUSIONS

1. Levels of dieldrin were below detection in mud, water, and vegetation of D slough after

47 days after application. Dieldrin levels were detectable in zooplankton. Gastropoda,

larval Chironomidae, Hirudinea, larval Odonata, and larval and adult Dytiscidae at the

end of the study (= 1 year) but were below detection in adult Corixidae and Notonec-

tidae before the end of the study.

2. Zooplankton had the highest initial concentration of dieldrin of any ecosystem constitu-

ent.

3. Mud, water, vegetation, and primary and secondary invertebrate consumers carried

similar levels of dieldrin in their tissues.
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4. Dieldrin residues in mud, water, vegetation, and invertebrates of D slough declined

according to a first order kinetics equation, as found by other authors. These declines

were influenced by the hydrophobic nature of chlorinated hydrocarbons and the inter-

action of physical and biological processes.

5. The fate of chlorinated hydrocarbon insecticides in other small, standing water ecosys-

tems was similar to the fate of dieldrin in the ecosystem of this study.
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APPENDIX I.

METHOD FOR THE GAS CHROMATOGRAPHIC ANALYSIS OF INVERTEBRATES

A: Apparatus and reagents - See Kadis, Jonasson, and Breitkreitz (1968) and Rosenberg

(1973).

B: Procedure — Invertebrates were divided into two types for purposes of maceration:

those with hard exoskeletons (e.g. Corixidae, Notonectidae, and adult Dytiscidae) and those

with soft exoskeletons (e.g. Hirudinea, Gastropoda removed from their shells, zooplankton, and

Quaest. Ent., 1975, 11 (1)
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Chironomidae and Odonata immatures). After surface moisture was removed from each sam-

ple by blotting with paper toweling, the former were combined with sand and anhydrous

Na2S04 (for 2 g invertebrate tissue, approximately 5 g sand and 10 g Na2S04) and ground

with the Omni-Mixer at medium speed for about 5 min or until a visually homogeneous mix-

ture resulted (Jonasson and Rosenberg, 1969). The mixture was then added to 50 g deactivated

florisil in a mortar and pestle, the Omni-Mixer cup and blades were rinsed with petroleum

ether, and the rinsings were added to the mortar and pestle. The invertebrates with soft exo-

skeletons were ground directly in 50 g of deactivated florisil in the mortar and pestle. For

soft and hard types, the mixture from the pestle was then added to a chromatographic column

containing 50 g deactivated florisil prewashed with 150 ml of 1 : 1 methylene chloride-petroleum

ether. The column was eluted with 800 ml 20:80 methylene chloride-petroleum ether. The

eluant was evaporated to near dryness, made up in a suitable volume, and injected

(Kadis, et al., 1968). When necessary, samples were further cleaned up on a magnesium

oxide-celite column as described in Barry et al. (1968, section 21 1.16c) and/or by the follow-

ing method: 10 g deactivated florisil sandwiched between two 2.5 cm portions of anhydrous

Na2S04 prewashed three times with 25 ml petroleum ether. The sample was added to the

column and the column was then eluted with 1 50 ml 5% benzene in petroleum ether and then

200 ml of 25% benzene in petroleum ether, the second fraction containing the dieldrin.

Recovery studies were done using Hyallela azteca (Saussure) from the control slough. Sam-

ples spiked with 0.003 jug dieldrin (0. 1 2 X 10’^ ppm in 2.42 g tissue) gave an average recovery

of 95.2% (3 replicates).
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Concentration of chlorinated hydrocarbon pesticides in invertebrate food chains is not

shown by results reported in the literature. It is proposed that habitat and mode of life rather

than trophic level are likely the most important ecological characteristics determining uptake

and final concentration of chlorinated hydrocarbon pesticides in aquatic invertebrates and

that the idea of “food chain concentration” or “trophic level effect” should be replaced by

the idea of “bioconcentration”.

II nest pas encore demontre au travers des nombreuses publications qu’il y a un rapport

chez les invertebres entres niveau trophique et la concentration des pesticides en hydrocar-

bures chlorines. Nous proposons que Vhabitat et le mode devie plustot que le niveau trophique

est a la base de Vabsorption et de la concentration finale des hydrocarbons chlorines chez

les invertebres aquatiques et que Videe de “la concentration par niveau trophique” ou “Veffet

du niveau trophique” soit remplacee par Videe de “bioconcentration”.

INTRODUCTION

A study of the fate of dieldrin in ecosystem components of a slough in central Alberta

revealed that the range of concentrations of the pesticide was similar in primary and secondary

consumer invertebrates over the duration of the study (Rosenberg, 1975; Table 22). The

results of similar studies (Meeks, 1968; Vaajakorpi and Salonen, 1973) revealed the same

lack of trophic level effect (Rosenberg, 1975; Table 21).

These results were surprising in view of the generalizations that have existed in the pesti-

cide literature over the last decade or longer regarding the inevitability of food chain concen-

tration of pesticides, especially chlorinated hydrocarbons. Thus, I undertook a literature sur-

vey to determine whether or not the results referred to above were atypical.

Because of the immensity of the literature dealing with the effects of pesticides on fauna,

the survey dealt almost entirely with the chlorinated hydrocarbons, supposedly the chief

offenders in food chain concentration, and mainly considered freshwater invertebrate com-

munities. However, I have given some consideration to pesticide uptake by fish and terrestrial

and marine invertebrate communities. In general, only those papers which contained a level

of identification sufficient to designate the trophic level to which the animal belonged were

used. Other papers are only briefly mentioned.

I have also limited the review to an analysis of the results of field studies and those labora-

tory studies which have allowed feeding to occur. The use of studies which have allowed

feeding is obviously necessary for a consideration of trophic level effects. Studies which have

not allowed feeding have already shown that aquatic invertebrates readily concentrate pesti-

cides from water (e.g. Johnson et al., 1971 ;
Wilkes and Weiss, 1971

;
Derr and Zabik, 1972,

* Present Address: Fisheries & Marine Service, Freshwater Institute, 501 University Crescent,

Winnipeg, Manitoba R3T 2N6.
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1974). Also, the analysis of studies which have allowed normal trophic relations gives this

review a degree of comparability with the studies from which the generalizations about food

chain concentration of pesticides originated (e.g. see Rudd, 1964). Admittedly, this approach

introduces a degree of circumstantiality into the interpretation. However, in the absence of

experiments which quantify the relative contributions made by food and other factors (see

below) to the pesticide levels in aquatic invertebrates, I believe the approach is useful.

Variability of residue concentrations in field-collected samples analyzed by gas chromato-

graphy is well known (e.g. see Moriarty, 1972; Kenaga, 1972; Rosenberg, 1975, Table 17).

Therefore, I have considered differences in residue concentrations from primary to secondary

consumer trophic levels to be significant only when these differences are at least an order of

magnitude (10-fold).

Finally, I have found that studies of food chain concentrations of pesticides have the fol-

lowing shortcomings which make interpretation of the results difficult and which should be

identified at the outset of this review:

1. Changing food habits during a particular life stage and over the lifetime of an animal

are usually not considered. For example, different life stages of invertebrates are analyzed

simultaneously for pesticide residues. Because specific information on the extent of an

animal’s mode of feeding prior to residue analysis is usually unavailable, we assume that

its major mode of feeding is its only one.

2. Most studies do not correlate a predator with its actual prey. Rather, we assume that

of the animals designated as primary consumers some will be eaten by those designated

as secondary consumers.

3. The grouping of invertebrates into primary and secondary consumer trophic levels is

arbitrary (as are other classification systems of trophic relationships; see Cummins,

1973) and oversimplifies these relationships.

LITERATURE SURVEY

Despite the findings of Godsil and Johnson (1967) that a low concentration of endrin in

the lake of their study did not result in food chain concentration, the works of Hunt and

Bischoff (1960), Fillmore (in Rudd, 1964), Hunt (in Rudd, 1964), Bridges, Kallman, and

Andrews (1963), and Hickey, Keith, and Coon (1966), among others, have reported a trophic

level effect resulting from pesticide applications to aquatic ecosystems. Rudd (1964) has

discussed instances of trophic level effects in terrestrial ecosystems. However, in each of these

studies, invertebrates have been used as a single step in the food chain and usually they are

of a single species or are zooplankton. Other studies (Terriere et al., 1966; Keith, 1966; and

those reviewed and summarized in Table IV of Moore, 1967) which have also used aquatic

invertebrates as a single step, have presumably lumped a number of species of aquatic inver-

tebrates of different trophic levels. Of course, aquatic invertebrates have their own trophic

interrelationships (e.g. see Jones, 1949).

Hannon et al. (1970) separated the aquatic invertebrates of their study into three unlikely

groups: plankton-algae, crayfish, and aquatic insects (composed of midge larvae and Gyrinidae)

so no information on trophic distribution of the chlorinated hydrocarbons is available. Wood-

well, Wurster, and Isaacson’s (1967) study of the DDT residues in an east coast estuary gives

an extensive list of residue data for various species of invertebrates but, unfortunately, none

can be classed as secondary consumers. The same is true of the review and summary presented

in Table 12 of Edwards (1970) except for the 1964 United States Department of the Interior

study which gives a concentration factor for a crab that is the lowest for the entire study. None

of the aquatic invertebrates listed in Table 4 of Flickinger and King (1972) are predators except
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for the Notonectidae which have been combined with Corixidae under the heading “Aquatic

Hemiptera”. The range of dieldrin concentrations in the crayfish from Brazoria County in

Flickinger and King (1972) spans the concentrations given for all the aquatic invertebrates

in Table 4 (none detectable to 17.0 ppm). Also, no secondary consumers are present among

the terrestrial invertebrates in Table 10 of Edwards (1970) except for Davis and Harrison’s

(1966) work which will be considered below.

Moubry, Helm, and Myrdal (1968) reported similar DDT, DDT-metabolites, dieldrin, and

endrin levels in Gammarus sp., Limnephilus rhombicus (L.) larvae, and Sialis sp. larvae (Table

1). The last, of course, are predators. Dieldrin residues in some invertebrates exposed to a

dieldrin industrial effluent entering the Rocky River, South Carolina, are shown in Table 2

(Wallace and Brady, 1971). It can be seen that the predaceous hellgrammite larvae, Corydalis

cornuta, had lower levels than the filter-feeding blackfly (Simulium vittatum) and caddisfly

larvae {Hydropsyche sp.). Robinson et al. (1967) reported similar concentrations of DDE and

dieldrin in primary and secondary consumer marine invertebrates except in macrozooplankton

which they classed as a secondary consumer and which had extraordinarily high concentrations

(Table 3). Robinson et al.’s results are shown diagramatically in Fig. 3 of Edwards (1970).

The similarity in pesticide levels between trophic levels 2 (= primary consumer: 0.02 ppm)

and 3 (= secondary consumer: 0.03 ppm) is striking. Although Foehrenbach (1972, p. 622)

claimed higher dieldrin concentrations existed in invertebrates listed in Table III of his paper

than those of the shellfish listed in Table II “.
. . probably because the organisms in Table III

are higher in the food chain. .
.” the range of concentrations is similar (Table II: 0 to 0.132

mg/kg; Table III: 0.004 to 0.236 mg/kg; the 0.236 value was for a non-predaceous grass shrimp).

Also, Table III contains invertebrates that are primary consumers. Naqvi and de la Cruz (1973)

analyzed mirex residues in a variety of aquatic, terrestrial, and estuarine invertebrates and

vertebrates in Mississippi. In order to calculate mean levels of mirex in herbivore, carnivore,

and omnivore trophic levels, the authors combined animals from pond, lake, creek, grassland,

and estuarine habitats and lumped invertebrate carnivores with vertebrate carnivores. The

mean residue levels presented for these three trophic levels (Table 2 of Naqvi and de la Cruz)

and the conclusions reached are, therefore, difficult to interpret. The authors implied food

chain concentration occurred even though the increase in mean residues for the three trophic

levels was not in the expected order (0.23, 0.30, and 0.35 ppm for herbivores, carnivores, and

omnivores respectively). Furthermore, these residue levels are virtually identical in view of

the precision possible for samples from the field analyzed by gas-liquid chromatography (see

Kenaga, 1972; Moriarty, 1972). However, it is possible to examine whether or not food chain

concentration has occurred by using the residue data given for species of aquatic invertebrates.

Only residue data for the simultaneous presence of the three trophic levels of aquatic inver-

tebrates is used (Table 4). It can be seen that residue levels in carnivores were highest in only

one of four locations, The number of replicates in this location was low for all three trophic

levels. Fish {Gambusia affinis and Lepomis cyanellus) from Bluff Lake had a mean mirex

residue of 0.19 ppm (range: 0.07-0.38 ppm; 3 replicates). Fish (same two species as above)

from a pond in the Louisville and Noxapater areas had a mean residue of 0.39 ppm (range:

0. 17-1.00 ppm; 2 replicates) whereas a single mirex residue in an aquatic invertebrate herbi-

vore was 0.05 ppm and a mean mirex residue of 0.16 ppm (range: 0.07-0.26 ppm; 4 replicates)

was present in aquatic invertebrate carnivores in the same area. The single relatively low herbi-

vore residue value is difficult to interpret in view of the ranges of residues reported for aquatic

invertebrates in Naqvi and de la Cruz. Collins, Davis, and Markin (1973) reported similar mir-

ex residues in crayfish (range: 0.01 to 0.40 ppm) and dragonfly nymphs (<0.01 to 0.70

ppm).

Quaest.Ent., 1975, 11 (1)



100
Rosenberg

Table 1. Chlorinated hydrocarbon pesticide residues in invertebrates of Moubry et al.’s (1968)

study.

Site Organism

DDE DDD DDT
Residues (ppm)

DDT&
Analogues

Dieldrin Endrin

Control Limnephilus

rhombicus

0.014 0.009 0.010 0.033 0.002

North Branch Sialis sp. 0.005 0.003 0.008 0.016 0.013 0.009

Gammams sp. 0.010 0.007 0.012 0.029 0.003 0.025

L. rhombicus 0.006 0.007 0.011 0.024 0.002 0.003

Confluence Gammams sp. 0.009 0.007 0.015 0.031 0.013 0.013

Table 2. Dieldrin residues in invertebrates of Wallace and Brady’s (1971) study*.

Organism Residue (ppm)+

Position in Relation to Effluent

Upstream Downstream

Simulium vittatum 0.24 16.2

Hydropsyche sp. 0.04 19.0

Corydalis cornu ta 0.02 1.2

* Data is for the April 18, 1970 collection, the only date with residue levels for more than a

single trophic level.

+ Values shown are means of replicates and the two gas chromatographic columns used.

Table 3. Concentrations of organochlorine compounds in marine invertebrate samples taken

off the Northumberland Coast, 1965-1966 (adapted from Robinson et al., 1967).

Organism Consumer Concentration (ppm)

Trophic

Level Dieldrin pp' -DDE

microzooplankton 1 0.020 0.030

sea urchin (Echinus esculentis) 1 0.027 0.050

mussel (Mytilis edulis) 1 0.023 0.024

cockle (Cardium edule) 1 0.018 0.012

limpet (Patella vulgata) 1 0.009 0.003

macrozooplankton (Crustacea) 2 0.16 0.16

lobster (Homarus vulgaris) 2 0.024 0.024

shore crab (Carcinus maenas) 2 0.025 0.037

edible crab (Cancer poguras) 2 0.015 0.061
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Table 4. Mirex residues in aquatic invertebrates of Naqvi and de la Cruz’s (1973) study.

Location'*'

Herbivore

Residue (ppm)*

Trophic Level

Carnivore Omnivore

Bluff Lake 0.13 0.47 0.06

(0.10-0.15) (0.15-0.78) (0.04-0.09)

2 2 3

Starkville Area, pond 0.13 0.45 0.45

(0-0.36) (0.09-1.92) (0-2.09)

3 6 10

Starkville Area, lake 0 0.24 1.33

(0.02-0.67)

1 3 1

Louisville and 1.01 0.10 0.41

Noxapater Areas, creek (0.12-2.01) (0-0.23) (0.02-1.76)

3 7 6

+ All Mississippi.

* Mean value is followed by range in parentheses, and number of replicates.

Thus far, only the results of field studies have been discussed. Many laboratory studies

have been done on the uptake and accumulation of chlorinated hydrocarbon pesticides by

invertebrates but most of these have not allowed feeding. Only the model ecosystem studies

(Metcalf, Sangha, and Kapoor, 1971) attempt to duplicate a field situation. Of the many
model ecosystem studies consulted, only that of Sanborn and Yu (1973) has used more than

one trophic level of invertebrates. Concentrations of dieldrin were highest in the snail {Physa

sp. — 229.87 ppm), followed by alga (Oedogonium cardiacum — 14.96 ppm), fish {Gambusia

affinis — 12.29 ppm), Daphnia sp. (5.07 ppm), Elodea sp. (2.56 ppm), clam {Corbicula mani-

lensis — 2.03 ppm), and crab {Uca minax — 0.495 ppm). In fact, results of the model eco-

system, studies of Kapoor et al. (1972, 1973), using an alga {Oedogonium cardiacum) - snail

{Physa sp.) — mosquito {Culex pipiens quinquefasciatis) - fish {Gambusia affinis) food chain

do not follow the classical concept of food chain accumulation (Table 5).

Table 5. Concentrations of chlorinated hydrocarbons in food chain elements of Kapoor et

al. (1972, 1973) model ecosystem studies.

Reference Compound Concentration (ppm)

Oedogonium Physa Culex Gambusia

1972 ^H-Ethoxychlor 2.014 86.16 1.138 4.806

^^C-Methylchlor 5.525 101.000 1.002 0.684

1973
3

[ HJmethoxy-methiochlor 0.074 3.61 1.19 0.15

3
[ HJmethyl-ethoxychlor 38.84 10.83 0.74 0.24

[
^^C] chloro-methylchlor 3.38 31.80 22.94 2.88

* Concentrations are total values for each compound.

Quaest. Ent., 1975, 11 (1)
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There is some evidence that findings of an apparent lack of food chain concentration of

chlorinated hydrocarbons (and closely related pesticides) can be extended to fish occupying

primary and secondary consumer trophic levels. A number of relatively recent papers have

reported that fish do not exhibit food chain concentrations of chlorinated hydrocarbon

pesticides. Fredeen, Saha, and Royer (1971) found no difference in the concentration of

organochlorine residues in fishes at the end of the food chain (walleyes, saugers, and northern

pike) and those lower down (white and longnose suckers, northern redhorse, burbot, goldeye,

and yellow perch). Levels of DDT and DDD ranged from < 0.01 to 0.05 ppm, of DDE from

< 0.01 to 0.06 ppm, and of dieldrin from 0.002 to 0.006 ppm in fish from all trophic levels.

Morris and Johnson (1971) found concentrations of 1600 ppb dieldrin in channel catfish. Other

rough fish (buffalo, carp, and carp suckers) had concentrations ranging from 1 5 to 840 ppb

dieldrin while the pan and gamefish (largemouth bass, black and white crappie, black bullhead,

bluegill, walleye, and northern pike) had the lowest concentrations (11 to 175 ppb). This latter

group, of course, contains several “top predators”. Hughes and Lee (1973) concluded that ei-

ther a clear delineation of toxaphene levels was absent between prey and predator fish or prey

fish accumulated higher toxaphene concentrations than the predators (e.g. results from Fox

Lake, 6 months after stocking: bluegill and sucker: 9.4 to 10.6 jug/g; bass, northern pike, and

walleye: 2.2, 2.3, and 1.2 jug/g)- The results of the study of Frank et al. (1974) remind us that

factors other than feeding habits are involved in the accumulation of chlorinated hydrocarbons

in fish. DDT and dieldrin levels in fish taken from a variety of locations in Ontario, Canada

tended to depend on fat content and weight (age) of the fish which, in turn, are related to

feeding habits. Risebrough and deLappe (1972) reported that polychlorinated biphenyl (PCB)

levels on a fresh weight basis in Atlantic herring were an order of magnitude higher than levels

in cod although the latter occupies a higher trophic level. PCB concentrations were comparable

on a fat basis (Table 6). Risebrough and deLappe (1972, p. 43) concluded that “the amounts

and kinds of lipids may affect the retention of PCB’s, modifying the trophic accumulation

predicted by the classical food chain concentration theory. Consistent with this hypothesis

are the higher PCB residues measured in extractable lipids of the North Atlantic plankton

than in the lipids of fish from the same area.”

Table 6. Levels of PCB in Atlantic herring and cod (from Risebrough and deLappe, 1972).

Locality Species PCB Concentration (ppm)

Fresh weight Extracted lipid

Nova Scotia Atlantic herring 0.32-0.54

cod 0.02

Baltic Sea Atlantic herring 0.27 6.8

cod 0.03 11.0

The number of adequate field studies on uptake of pesticides in different trophic levels

of terrestrial invertebrates is equally as low as for aquatic invertebrates. The residue values

presented by El Sayed, Graves, and Bonner (1967) show conflicting patterns probably be-

cause of a lack of collection consistency more than anything else. However, the studies of

Davis and Harrison (1966) and Davis (1968) have shown that “.
. . worms and slugs usually

contain higher amounts and a greater range of organochlorine compounds than beetles”

(Davis, 1968; p. 43 to 44). The beetles he referred to were mostly Carabidae as well as some

Staphylinidae and Elateridae. Carabidae and Staphylinidae are predatory. Korschgen (in
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Dustman and Stickel, 1969) reported similar levels of dieldrin in earthworms, crickets, and

carabids in a Missouri field which had had long-term aldrin applications. Gish (1970) analyzed

earthworms of the genera Allolobophora, Diplocardia, Helodrilus, and Lumbricus; white grubs

(Scarabaeidae larvae); slugs belonging to the genera Deroceras and Umax', and unidentified

terrestrial snails. Unfortunately, he did not analyze any predators. Average concentrations

of chlorinated hydrocarbons were 0.6 ppm for the Scarabaeidae larvae, 3.5 ppm for snails

(shells included), 13.8 ppm in earthworms, and 89.0 ppm in slugs. Highest levels were 180

times the lowest levels, all for non-predatory forms. Gish (1970) credited the differences in

chlorinated hydrocarbon levels to dissimilar feeding habits. Table VII of the review paper by

Edwards and Thompson (1973) summarized the results of a large number of pesticide analyses

of earthworms, slugs, and beetles (mostly Carabidae). The results are summarized in Table 7.

It can be seen that the range of concentrations for the beetles never exceeds that of the earth-

worms and slugs, something expected of a trophic level effect.

Table 7. Range of concentrations of DDT and dieldrin in earthworms, slugs, and beetles in

Table VII of Edwards and Thompson (1973).

Invertebrate Group Range of Concentrations (ppm)

DDT Dieldrin

earthworms trace - 680.0 0.06 - 4.6

slugs 0-53 0.3- 18.9

beetles 0.06-5.2 0.06-9.33

Kenaga (1972) has noted that chlorinated hydrocarbon pesticides best illustrate the mech-

anisms of bioconcentration of heavy metals and other environmental contaminants. Nonethe-

less, Moriarty (1972) stated that similar conclusions regarding the lack of a trophic level effect

have sometimes been reached for mercury and radionuclides. The literature on uptake and

accumulation of heavy metals (e.g. mercury and arsenic) is inconsistent on this point and a

review is outside the scope of this paper. By way of speculation, however, it would be sur-

prising if uptake and accumulation of trace and heavy metals by invertebrates was mainly

due to a trophic level effect.

Thus, it appears that of the studies which have adequately dealt with chlorinated hydro-

carbon pesticide residues in different trophic levels of aquatic or terrestrial invertebrates, a

trophic level effect or food chain concentration has not been adequately demonstrated. Yet,

unqualified generalizations about food chain concentration of pesticides keep appearing in

the literature (e.g. Moore, 1967, p. 113;Dimond, 1969, p. 2, 6; Wurster, 1969, p. 125; Wilkes

and Weiss, 1971, p. 223; Foehrenbach, 1972, p. 619, 622, 623, 624; Khan et al., 1973, p.

159, 166; Leland, Bruce, and Shimp, 1973, p. 833; Metcalf, 1973, p. 512).

In his review, Kenaga (1973, p. 80) concluded that “Maximum pesticide residues may
sometimes be accumulated by algae or by similar ‘first link’ organisms in the chain-of-life

organisms and do not necessarily result in increasing concentrations in each succeeding link

of the chain.” Moriarty (1972), in his review of the effects of pesticide residues on wildlife

has severely criticized the concept of food chain accumulation of pesticides and other toxic

chemicals. He concluded (p. 267): “It is unlikely that predators accumulate the insecticide

contained in their prey. All the evidence suggests that aquatic predators acquire their insect-

icide directly from the water, not from their food.” He questioned the validity of a trophic

level effect in any food chain. The results and discussion here would lend support to his

Quaest. Ent, 1975, 11 (1)
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contention.

Aquatic organisms acquire pesticides from their surroundings and through their food according

to Moore ( 1 967), Chadwick and Brocksen ( 1 969), Dustman and Stickel ( 1 969), Macek ( 1 969),

Edwards (1970), Cope (1971), Hamelink, Waybrant, and Ball (1971), Kawatski and Schmul-

bach (1971), Wilkes and Weiss (1971), Moriarty ( 1 972), and Booth, Yu, and Hansen ( 1 973).

To speak of a trophic level effect automatically assumes that food is the more important of

the two. It seems likely that habitat and mode of life rather than trophic level are the most

important ecological characteristics determining uptake and final concentration of chlorinated

hydrocarbon pesticides in aquatic invertebrates. For example, invertebrates leading a plank-

tonic existence usually accumulate the highest concentrations because they provide a lipid

source in the water column on which the hydrophobic chlorinated hydrocarbons can adsorb.

Once the chlorinated hydrocarbon pesticide has left the water and entered into an organic

reservoir it would then be available largely to those organisms associated with the particular

substrates for which the chemical has the greatest affinities (Macek, 1969). Invertebrates

occupying or contacting a substrate that is high in organic matter favoring partitioning of

non-polar pesticides will likely carry high concentrations of chlorinated hydrocarbons (Wallace

and Brady, 1971
;
Derr and Zabik, 1972; Frank et al., 1974). Thus the chemical would not

be equally available to all trophic levels in an aquatic community (Macek, 1969). The relatively

high concentrations of dieldrin in the Lymnaea stagnalis, Chironomidae, Glossiphoniidae, and

Libellulidae in Rosenberg (1975) can be explained in this way although other reasons must

be sought for the relatively high residues detected in invertebrates not associated primarily

with the bottom sediments. Nowhere is the influence of habitat on pesticide uptake better

illustrated than in fish. For example, Morris and Johnson (1971) found that bottom-dwelling

fish (channel catfish) contained much higher concentrations of dieldrin than non-bottom-

dwelling fish (largemouth bass and bluegill). It is not hard to imagine why terrestrial inverte-

brates such as earthworms and slugs which are constantly in contact with the soil — a poten-

tially large pesticide reservoir — can accumulate higher concentrations than an invertebrate

predator which may live in leaf litter and/or scurry around above the soil (e.g. Carabidae).

In terms of the influence mode of life has on pesticide uptake, bivalve molluscs such as

oysters, mussels, and marsh clams are well known for their abilities to accumulate high

concentrations of chlorinated hydrocarbons (e.g. see Butler, 1969; Khan et ah, 1972; Bedford

and Zabik, 1973; Petrocelli, Hanks, and Anderson, 1973). Bivalves filter large volumes of

water and if the water contains chlorinated hydrocarbons and suspended organic particles to

which chlorinated hydrocarbons are adsorbed, the bivalves will contact large amounts of

pesticide. However, Bedford and Zabik (1973) have noted that, for mussels, other ecological

factors such as: (1) previous conditioning and insecticide residue burden of the mussel; (2)

food content and temperature of the water; (3) water quality (including the presence of chem-

ical pollutants and suspended sediment load); and (4) type of pesticide are all involved in the

final concentration achieved. Some evidence exists that several trace elements can be magnified

in passing from the food to the feces of marine primary consumers (Boothe and Knauer, 1972).

Contamination of coastal waters by trace and heavy metals apparently may be as widespread

as by pesticides and since fecal material is important to the trophic relationships of coastal

benthic communities, the concentrating mechanism may have a significant influence on levels

of trace and heavy metals in coprophagous and other members of detrital food webs (Boothe

and Knauer, 1972). There is every likelihood that similar processes occur among freshwater

invertebrates with chlorinated hydrocarbon pesticides. Dindal and Wurzinger (1971) using

the terrestrial snail Cepaea hortensis (Muller), showed that highest DDT residues occurred in

the feces. They pointed out that since snails frequently re-ingest their own feces, the pesticide

can be recycled. Davis (1971) has further illustrated how habitat and mode of life affects
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uptake and accumulation of chorinated hydrocarbons in invertebrates in his consideration

of DDT and dieldrin dynamics in two species of earthworms (Lumbricus terrestris L. and

Allolobophora caliginosa Sav.)- The main factors affecting uptake and accumulation of dieldrin

and DDT were: (1) different soil types — Organic matter content will influence the amount

of pesticide stored; soil moisture and pH will affect the physiological state of the earthworm

and hence its ingestion activity; (2) feeding habits of different species — A. caliginosa ingests

relatively more soil than L. terrestris and at a greater depth. L. terrestris is thus more likely

to accumulate residues remaining on the vegetation and soil surface. Unfortunately, a paucity

exists of this kind of precise habitat and mode of life information as related to pesticides in

freshwater invertebrates. It would be more profitable to attempt such studies rather than

doing interminable monitoring studies which are already over-abundant in the literature.

Hamelink et al. (1971) have proposed that exchange equilibria control the degree of ac-

cumulation of chlorinated hydrocarbons by organisms in lentic environments. This is supported

by the earlier findings of Reinert (1967) and Chadwick and Brocksen (1969) that the major

uptake of DDT by Daphnia and dieldrin by Cottus perplexus Gilbert and Evermann respective-

ly was from water and not food. (See also Edwards, 1970). Crosby and Tucker (1971) mini-

mized the importance of ingestion as a route by which Daphnia are exposed to suspended

chemicals. Derr and Zabik (1974) proposed an adsorption-diffusion mechanism was respon-

sible for the uptake and concentration of DDE by Chironomus tentans Fabricius. Macek

(1969) and Macek and Korn (1970) reported that brook trout accumulated 10 times more

DDT from food than from water in their laboratory studies using approximately 3 pptr. They

concluded that since a higher concentration of DDT exists in the food web than in water in

natural conditions that the food web is the major source of DDT contamination in fish.

Macek (1969) suggested that this was true of lower trophic levels (presumably invertebrates)

as well. Macek and Korn’s (1970) conclusion that more DDT is available from the food web

than from water is not only unsubstantiated by them but also ignores other non-food web

reservoirs of DDT in aquatic ecosystems (e.g. suspended organic matter and bottom sediments).

Moreover, Murphy (1971) has shown that the results of Macek and Korn (1970) were an arti-

fact of the size of the test fish used. Complexity of the relationship between feeding habits,

fat content, and age of fish is illustrated by the study of Frank et al. (1974).

Exchange equilibria would depend on a number of factors according to Hamelink et. al.

(1971): (1) original concentration of the pesticide in the water (see also Macek et al., 1972;

Derr and Zabik, 1972); (2) the water or fat solubility of the pesticide — an increase in water

solubility or decrease in fat solubility should reduce the degree of accumulation; (3) the fat

content of the animal (see also Morris and .lohnson, 1971 ;
Hughes and Lee, 1973; Frank et.

al., 1974); (4) the species sampled; (5) the time available for exchange (see also Chadwick

and Brocksen, 1 969; Cope, 1971; Johnson et. al., 1971; Wilkes and Weiss, 1971; Morris and

Johnson, 1971
;
Derr and Zabik, 1972); and (6) habitat — persistent pesticides would be tied up

in various reservoirs (e.g. algae, bottom sediments of high organic matter content) in a eutrophic

lake moreso than in an oligotrophic one and thus be less available for accumulation. Size

(body weight and surface to volume ratio) of the organism would also be involved (Morris

and Johnson, 1971; Murphy, 1971;Kenaga, 1973; Frank et al., 1974). Moriarty (1972) has

criticized Hamelink et al.’s (1971) model as being too simplistic and has quite rightly pointed

out that it is not the final explanation to the observed phenomena. Nevertheless, in my view,

it has been an important contribution.

Other factors, not all of which can be named here, influence the accumulation of pesticide

residues by aquatic invertebrates^. Kenaga (1972, p. 195) has emphasized that the phenomenon

1. For example, see Derr and Zabik’s (1974) remarks about the possible role of the epicuticular

lipid layer in invertebrates. Also see Wallace and Brady (1971) for possiblity of seasonal effects.
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is hard to define because of the “many variable inputs, interpretations, and lack of definition

in the literature.” In trying to explain the lack of consistent food chain buildup in their study,

Robinson et al. (1967) wrote of the possibility of a differential ability of vertebrates and

invertebrates to metabolize and excrete the pesticide. Pharmacokinetics greatly influence the

pesticide levels in organisms (Moore, 1967; Stickel, 1968; Chadwick and Brocksen, 1969;

Dustman and Stickel, 1969; Moriarty, 1969, 1972; Edwards, 1970; Cope, 1971
;
Hamelink

et al., 1971; Kawatski and Schmulbach, 1971; and Wilkes and Weiss, 1971). Some pesticide

accumulation undoubtedly results from ingestion (Kenaga, 1973). Physical and chemical

properties of the pesticides, in addition to solubility and partitioning coefficients already dis-

cussed, are involved (see Kenaga, 1972, 1973). Finally, extrinsic factors must affect pesticide

levels in aquatic invertebrates: (1) varying concentrations (e.g. see Chadwick and Brocksen,

1969; Hamelink et al., 1971; Wilkes and Weiss, 1971); and (2) whether exposure is acute or

chronic(e.g. see Moore, 1967; Stickel, 1968; Chadwick and Brocksen, 1969; Moriarty, 1969;

Edwards, 1970; Johnson et al., 1971).

It is important to realize that a literature survey which shows an apparent absence of a

trophic level effect in invertebrate communities is only indirect evidence that food chain up-

take is not as important as other ecological factors in determining the concentrations of pest-

icides in invertebrates. Determination of the relative, quantitative contributions made by the

factors discussed above to the pesticide levels achieved in invertebrates depends on carefully

controlled experimentation and is a critical research need in the study of pesticide-fauna in-

teractions. Until such research is done, and perhaps even after, we should not be using the

terms “food chain concentration” or “trophic level effect”. Rather, we should talk of “bio-

concentration” which Kenaga (1973, p. 75) has defined as “the amount of a pesticide residue

accumulated by an organism by adsorption, and by absorption via oral or other route of entry,

which results in an increased concentration of the pesticide by the organisms or specific tissues.”

SUMMARY AND CONCLUSIONS

1. Concentrations of chlorinated hydrocarbon pesticides in aquatic invertebrates as reported

in the literature do not reveal a trophic level effect.

2. Uptake and accumulation of chlorinated hydrocarbon pesticides in aquatic invertebrates

is more likely a function of habitat, mode of life, and exchange equilibria than food but

is also affected by size of the organism, pharmacokinetics, physical and chemical proper-

ties of the pesticides, and various extrinsic factors.

3. Until adequate research is done, the relative contributions of the factors listed above to

pesticide levels in invertebrates will remain unknown.

4. The idea of “food chain concentration” or “trophic level effect” is inaccurate and should

be replaced by the more accurate idea denoted by the term “bioconcentration”.
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Book Review

NACHTIGALL, WERNER. 1974. Insects in Flight; A glimpse behind the scenes in biophy-

sical research. Translated by Oldroyd, R., R. H. Abbott and M. Biederman-Thorson. George

Allen and Unwin, Ltd., London. 153 p. $14.00

The title of this book is very appropriate as Nachtigall writes not only about insect flight,

but gives a glimpse into the ways in which physicists think. Never, however, does he forget

that the object of his research is an animal and a very complex one at that.

His opening statement sets the stage for this unusual book, when he asks “a blue bottle

irritates us with its buzzing and we squash it. What have we destroyed?” The remainder of

the book answers his question.

There are 44 chapters in this book of only 1 53 pages and consequently some chapters are

very short — often less than one page. This large number of short chapters unfortunately at

times gives the impression that the book is only a series of loosely connected ideas. However,

this does not detract from the book’s worth.

Nachtigall, in his forward, states that the book is aimed at the general reader and student.

But, althougli he is meticulously careful in his explanation of the physics involved, once past

the initial chapters on general entomology a more than rudimentary knowledge of physics is

a decided advantage.

Nachtigall first explains the forces that act on a gliding body, illustrating his discussion with

everyday examples, such as gliders and powered flight. Almost without realizing it the reader

is then introduced to the way in which these forces act on an insect and its wings.

Explained at length is the difficulty of observing wing beats with frequencies of only a few

hundredths of a second. He almost apologizes for spending $30,000 and many hours of com-

puter time just in studying “a tiny fly”, but explains that this amount of money is not large

if it serves to add meaningful information to man’s reservoir of knowledge.

Chapters 15 and 16 which tell of the Vv^ays insect wings generate lift and thrust are superb,

and for me are one of the high spots of the book. His explanation of how the wings generate

lift and thrust on the upstroke is particularly clear and easily understood (provided the read-

er understands a parallelogram of forces).

Having considered the forces that keep the insect in the air, Nachtigall next considers the

mechanics of power transfer to the wing. He gives an average treatment of the “click mech-

anism” and then considers the thorax as a resonating system that stores and releases energy.

He has an interesting series of chapters (a single chapter would serve as well), on the way

oxygen and fuel are supplied to the flight muscles, making comparisons with everyday objects.

He refers to one athletic fly that flew on a flight mill for six days, being regularly “tanked up

with a sugar solution”. The fly stopped only when its wings were torn and tattered and Nachti-

gall marvels at the magnificent “motor” that drove the wings up and down some eight million

times without breaking down. Another particularly good section of the book are chapters 28

to 31 where he explains how fast and slow flight muscles work, and how the muscle contrac-

tions are initiated and maintained. Also well done are the chapters on flight initiation, main-

tenance and landing. In chapter 34 he explains effectively how one pair of mesothoracic di-

rect flight muscles initiates the downstroke of the wing at take-off. This can be shown by

making a fly take off from smoked paper, and observing that the mesothoracic legs leave a

larger white mark since they pushed hardest, and thereby giving the dorsolongitudinal flight

muscles a strong stimulus for contraction.

The book is lavishly supplied with extraordinarily good photos of insects in flight. There is

a particularly good series of photographs of Bombylius flies illustrating the stylized flying

attitude of this insect.
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Nachtigall is not as effective in some chapters covering topics peripheral to insect flight.

This shows towards the end of the book where he considers direction finding and wing-beat

frequency as a mating stimulus. It is puzzling that earlier in the book in chapter 32 on “Steering

gear”, he is also rather poor and the chapter does not seem well-placed.

The book is well-produced and bound and contains few mistakes. However, occasionally

there appears to have been layout problems, as on page 87 where there is a peculiar hiatus in

the double columns.

There are no references given in the text, but the pertinent literature is listed by chapter in

a bibliography at the end of the book, along with an adequate index.

This book is essential reading for all entomologists. Not just for the information that it

contains on the physics of insect flight, but for the appreciation of Nachtigall’s wonder and

amazement of how all the many facets of that “small blue-black troublesome buzzing creature”

have evolved together to produce a highly efficient animal, a fly.

D. A. Craig

Department of Entomology

University of Alberta





Publication of Quaestiones Entomologicae was started in 1965 as part

of a memorial project for Professor E. H. Strickland, the founder of the

Department of Entomology at the University of Alberta in Edmonton

in 1922.

It is intended to provide prompt low-cost pubhcation for comprehensive

accounts of entomological research of greater than average length. Page

charges are normally levied, the rate determined by printer’s charges. For

example, for the period 1968 - 1972, the charge was $5.00 per page; for

1973, $5.30; for 1974, $7.00. For information about current page charges,

consult the Editor.

Copy for all types of papers should conform to the Style Manual for

Biological Journals, published by the American Institute of Biological

Sciences, Second Edition, 1964, except that titles of periodicals should be

given in full. For style of taxonomic papers, the Editor should be consulted.

All manuscripts will be reviewed by referees.

Abstracts of not more than 500 words are required: one in English, and

one in another language, preferably French.

Tables must be not more than 7% X 4% inches (19.7 X 12.1 cm), and

plates and figures not more than X 6 inches (21.6 X 15.2 cm). Reprints

must be ordered when proofs are returned, and will be supplied at cost.

Subscription rates are the same for institutions, libraries, and individuals,

$8.00 per volume of 4 issues, normally appearing at quarterly intervals; single

issues $3.00. Back volumes I-X are available at $6.00 per volume, single

issues at $1.50 per copy. Back volumes 11-15 will be available at $10.00 per

volume, single issues $3.00 per copy. These prices are subject to change as

required by inflationary pressure on the value of money.

Communication regarding subscriptions and exchanges should be addressed

to the Subscription Manager and regarding manuscripts to:

The Editor, Quaestiones Entomologicae,

Department of Entomology,

University of Alberta

Edmonton, Alberta, Canada T6G 2E3



uaestiones

Entomologicae

JUK 91975

A periodical record of entomological investigations,

published at the Department of Entomology,

University of Alberta, Edmonton, Canada.

VOLUME 11 NUMBER 2 APRIL 1975





QUAESTIONES ENTOMOLOGICAE

A periodical record of entomological investigation published at the Department of

Entomology, University of Alberta, Edmonton, Alberta.

Volume 1 1 Number 2 April 1975

CONTENTS

Steiner — Description of the Territorial Behavior of Podalonia valida (Hymenoptera, Sphecidae)

Females in Southeast Arizona, with Remarks on Digger Wasp Territorial Behavior

113

Griffiths — Studies on Boreal Agromyzidae (Diptera). IX. Phytomyza Miners of Boraginaceae

in North America 1 29

Ball — Pericaline Lebiini: Notes on Classification, A Synopsis of the New World Genera, and

a Revision of the Genus Phloeoxena Chaudoir (Coleoptera: Carabidae) . 143

DESCRIPTION OF THE TERRITORIAL BEHAVIOR OF
PODALONIA VALIDA (HYMENOPTERA, SPHECIDAE) FEMALES IN

SOUTHEAST ARIZONA, WITH REMARKS ON DIGGER WASP TERRITORIAL
BEHAVIOR

ANDRE L STEINER
Department of Zoology

University ofAlberta Quaestiones Entomologicae

Edmonton, Alberta T6G 2E1 11: 113-127 1975

Each female Podalonia valida concentrates many consecutively built nests on small, often

discrete, defended and frequently visited nesting sites in densely vegetated areas, over periods

ofdays or weeks. A special “tail-up/wings-spread” (and wing-fluttering) posture is assumed

on the nesting site, possibly a territorial display (and/or signal of non-receptivity to males;

a deterrent to ant invaders). Contrary to many or most Podalonia females, those of P. valida

dig a burrow before prey capture. This behavior pattern and territoriality require accurate

medium-range homing ability. Territoriality and nest-clumping might have evolved in relation

with the scarcity of suitable nesting sites in densely vegetated habitats where the heavy prey

(larvae of the arctiid Estigmene acraea) live and from which they probably cannot be carried

over great distances. Territoriality probably also reduces the incidence of re-excavation of

provisioned nests by conspecifics. Territoriality probably also ensures that one female only

will occupy the small site if several daughter-females emerge from the clumped nests, thereby

encouraging dispersal and reducing local crowding. The special posturing might have evolved

from activities characteristic ofsome wasps excitedly engaged in nesting activities such as

wing fluttering, running about, holding the abdomen high.

Chaque femelle de Podalonia valida concentre de nombreux nids successifs sur des lieux de

nidification restreints, quelle defend et visite frequemment, jour apres jour, en adoptant une

posture speciale avec les ailes etendues, vibrant continuellement, et Tabdomen releve. Cette

posture territoriale (?) pent etre aussi un signal de non-receptivite pour les males ou meme une

posture d’intimidation envers les fourmis qui envahissent son territoire. Contrairement a Thabi-

tude chez les Podalonia, le terrier est creuse avant la capture de la proie. Ceci exige, avec le

comportement territorial, des facultes d’orientation et de retour au nid. Ces comportements
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inhabituels sont peut-etre adaptes d la rarete des lieux de nidification en des endroits d vegetation

dense, oil vit la lourde proie (une chenille d'arctiide: Estigmene acraca) qui ne pent etre trans-

portee sur de grandes distances. Le comportement territorial reduit aussi probablement les

chances de re-ouverture, par dautres femelles, de nids approvisionnes, et assure Vexclusivite

du lieu de nidification d une seule femelle en cas de competition entre plusieurs femelles-filles.

La posture speciale est peut-etre derivee d’elements caracteristiques de guepes febrilement

engagees dans des activites nidificatrices, tels que la vibration des ailes, felevation de Vabdomen,

les deplacements rapides sur le sol.

INTRODUCTION

Territoriality and Site Attachment in Digger Wasps

In this paper, a first detailed description of the territorial behavior of female digger wasps

is presented. Intermittent observations were made on Podalonia valida (Cresson) wasps which,

in the area considered, were found to nest mostly singly on small, discrete and defended pockets

of bare soil surrounded by large areas of tall, dense, herbaceous vegetation, a rather unusual

nesting situation for digger wasps.

Descriptions of territorial behavior and site defense in female digger wasps are almost

entirely lacking, even for gregarious species, which often nest at very close quarters and seem

to ignore or tolerate each other. For example: nest entrances of 9 different females of Plenoculus

davisi were located in an area of 1.1 x 1.2 m, each separated by distances of from 18 to 90

(mean 38) cm (Kurczewski, 1968) (distances as small as 2-5 cm were found in an aggregation

of Clypeadon laticinctus, Evans, 1962). When present, defense reactions are usually restricted

both in space (the immediate vicinity of the nest) and in time (only during performance of

nesting activities) in sharp contrast to P. valida females which exhibit extensive site defense

behavior both in space (defense of a sizeable area) and even more so in time (over days or

weeks and essentially throughout the day, if only intermittently). However, some apparently

density-dependent fighting is reported among females of Sphecius speciosus (Lin, 1963b).

Much more information is available on male digger wasp territorial or related behavior and/

or site attachment. Examples are as follows: Astata (Shuckard, 1837; Minkiewicz, 1934; Wil-

liams, 1946; Evans, 1957 and 1970; and Steiner, \913);Dryudella (Steiner, 1973); Tachysphex

(Kurczewski, 1966); Tachytes (Lin, 1963); Trypoxylon (Richards, 1934; Hartman, 1944;

Krombein, 1954); Sphex (Janvier, 1928); Oxybelus (Bohart and Marsh, 1960). These males

often select a specific perch where they return consistently (after threatening or pursuit flights

directed at male conspecifics or even other insects). In some cases (some observations on

Astata, Dryudella, for instance) observations on active defense are lacking, suggesting the pos-

sibility of mere “site attachment” or “maintaining a station”. Defense is particularly vigorous

in the species Sphecius speciosus, studied in detail by Lin ( 1 963a), where male territory holding

extends over periods of 8, 9 and 1 2 days (the females, which are non-territorial, were not at-

tacked when trespassing). Most or all of this behavior seems, however, essentially related to

copulatory, pre-copulatory behavior, or courtship and seems to promote male spacing and

undisturbed male/female contacts.

Habitat and Microhabitat

Since the territorial behavior described here might well be habitat-dependent, and the species

extends over a wide range of habitats, climates, and geographical areas, habitat characteristics

must be defined in some detail, for future comparative purposes.

The study was conducted during the late summer and fall of 1972, only a few miles north-

west of the Chiricahua Mountains (one mile west of the Chiricahua National Monument en-
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trance, Cochise County, Arizona, U. S. A.), in the surrounding arid lands and deserts (Arizona

section of the Sonoran Desert), mainly desert-grassland in the Upper Sonoran and Transition

Zones. Rain is highly seasonal with maxima recorded during July, August, and September.

Xeric vegetation and cacti are common in the area.

The nesting sites of female Podalonia valida were located on a much lusher riparian and more

mesic habitat (along Bonita Creek, a temporary water course dried up most of the time) covered

with diverse vegetation consisting of large trees and an abundant understory of shrubs and vine

tangles; and after the period of heavy rains, during the nesting season, a carpet of lush, dense,

herbaceous vegetation also covered most areas of alluvial soil (Fig. 1).

A few bare patches remained in the looser sections of the alluvial deposits along paths, wild-

Ufe runways, or around ant hills and mounds made by burrowing rodents (Fig. 2; open arrows

1, 2, and 3, and solid arrow).

Behavior and Biology of Podalonia Wasps

Insofar as known, Nearctic Podalonia females paralyze lepidopterous larvae that are often

of large size, i.e. cutworms (Noctuidae). This they do usually before digging a short, L-shaped

unicellular nest. After the latter is prepared, the caterpillar is dragged to the nest, where it is

stored and is provided with the egg of the wasp. The nest is then permanently closed (see for

instance Murray, 1940; Muesebeck et al., 1951 ;
Krombein et al., 1958, 1967;Bohart and

Menke, 1963).

NESTING BEHAVIOR AND TERRITORIALITY OF PODALONIA VALIDA

Podalonia valida, variously named in the literature, is a wide ranging species in western

North America (Canada to Mexico) most common in arid areas (details in Fernald, 1927;

Murray, 1940; Muesebeck et al, 1951
;
etc.). The general biology and behavior of P. valida

wasps (not described in the current literature) is described elsewhere (Steiner, in preparation).

Briefly, the biology of this species is unusual among Podalonia wasps in that the females

studied dug their burrows before rather than after hunting (see, however, Tsuneki, 1968) and

left the burrow open during prey hunting. They preyed on large, very hairy caterpillars of

Estigmene acraea (Drury) (Arctiidae) or on those of very closely related forms (Steiner, 1974),

and did not have to first excavate them from underground shelter like the cutworm-hunting

species do. Nest-clustering is probably less exceptional, since it has already been recorded at

least for females of some other species.

Like some other Podalonia species studied, nest closure involves first wedging one or a few

pebbles, earth clods, etc. in the tunnel, then kicking in sand and tamping it tight with blows

of the head and/or occasionally rubbing the dirt with a stone or a twiglet held in the mandibles

(but not “hammering” the dirt as do some wasps). Bits of debris are often accumu-

lated on the burrow site.

Individual Nesting Sites

Four such widely separated nesting sites were discovered in an area approximately 70 by

100 meters. Two of them were located on a relatively large area of bare or sparsely vegetated

soil (e.g.. Fig. 4); and are called “open type”. The other two sites were very small, discrete

pockets of bare soil: old mounds made by burrowing rodents and/or ant hills flattened out

by weathering (e.g., Fig. 3); they are called “closed type”. They were completely isolated in

a matrix of dense vegetation, mostly tall grasses (see Fig. 1 : the small nesting site of closed

type, shown enlarged in Fig. 3, is indicated by an arrow).

Each of these four nesting sites was occupied throughout the day, if only intermittently.
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and for a period of several days (at least 10 for site 1, and probably much more) by only one

female with her successive nests. Occasional short-duration visits to such areas by other females

were observed. However, the latter were driven away as soon as detected by the owner. Individual

identification of the wasps was made easy by considerable size differences, different wear pat-

terns of the wing-tips (see Fig. 5, the wing-tip on the right, for instance) and behavioral idio-

syncrasies; some also had missing leg or antennal segments.

All four nesting sites were away from large trees or shrubs, although the open type ones

were close to tall herbaceous plants (Helianthus petiolaris? and other sunflower-related plants;

Verbesina encelioides?) and small shrubs (Apache plume: Fallugia paradoxa) (Fig. 4). All four

sites were on fine alluvial soil, rather sandy and compact. The surface layer for about an inch

deep was dry and loose, except at times after rain. Damper soil was usually soon found in deeper

layers. During some short-term dry periods within the rainy season, the damp layer sank to about

2 inches or more below the surface, making digging more difficult for the wasp because of col-

lapse of the entrance or upper wall of the burrow, or because of sand slides.

Most observations were concentrated on one closed type nesting site (site 1) (Fig. 1, 2, 3)

because it was occupied by the most active female (Female 1) and the one that showed territorial

behavior most frequently and typically. Site 1 was only about 30-40 cm across (in the “open

type” no evident border was visible, but the nests were concentrated on a slightly larger total

surface, about 50-60 cm across; see Fig. 4, area delimitated by dotted Ijne). Site 1 was occupied

by Female 1 at least from September 10, 1972 (beginning of observation) to September 20,

1972,when she switched to another nest site.

Behavior of Individual Females on Their Nesting Sites

Occupancy of the nest site. — Long-term occupancy of the same restricted nesting site, to

the exclusion of other females (an unusual feature for digger wasps), amounts to a quasi-

monopolization of the site.

When not engaged in nesting activities right on the site, the wasp typically pays frequent

or spaced visits to the site, staying for relatively short periods of time, even giving the impres-

sion of “guarding” and/or “advertising” the site. This contrasts sharply with most mass-pro-

visioning digger wasp females, who leave the nesting site immediately after completion of the

nest and pay no further attention to it.

A typical, idealized daily activity pattern can be summarized as follows. The wasp arrives

on the site some time in the morning (apparently not spending the night there), usually not

very early (see Table 1) and basks in the sun. [Tsuneki (1968) reports that in East Mongolia

some Podalonia wasps dig burrows apparently for the sole purpose of overnighting; these

burrows were not subsequently used for nests.] She then becomes active, soon excitedly run-

ning in all directions over the nesting site, while assuming a peculiar tail-up/wings-spread (and

wing-beating) posture (described later). When she leaves the site, either in flight or on foot,

for variable periods of time, for feeding on flowers, etc., she abandons the special posture

described above, re-assuming it when she returns to the site, most often on foot.

The wasp progressively engages in nesting activities. Depending on whether or not a burrow

had been dug the previous day, in the evening or late afternoon (see Table 1), she under-

takes a series of prey-hunting trips (flying away) if a burrow is available (first hunting trips

are mostly unsuccessful), or if not, she shows appetitive digging on the site, followed sooner

or later by actual burrow digging. These activities usually take place late in the morning or

around midday and into early afternoon.

The rhythm of hunting trips and visits accelerates as time proceeds, until the wasp captures

a caterpillar, stings it, brings it back on foot, stores it in the terminal cell, oviposits, then closes

the burrow. During the performance of these nesting activities (nest digging and closure), the
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Fig. 1. General view oiPodalonia valida habitat (photo taken looking west). Arrow indicates location of small, discrete, nesting

site = site 1 in text (old pocket gopher hill?) isolated in an area of dense herbaceous vegetation, a: Apache plume (Fallugia paradoxa);

b: Helianthus spp. (e.g., petiolaris‘1) and “goIdweed” (Verbesina encelioides); c: Arizona sycamore (Platanus wrightii); d: moun-

tain ash (Fraxinus velutina); e: oak (Quercus emoryi); f: Arizona cypress (Cupressus arizonica); g: alligator juniper (Juniperus

deppeana). The line of trees in the distance indicates the location of a temporary creek (Bonita Creek). Fig. 2. Podalonia valida

habitat (photo taken looking east). Arrow indicates location of same small nesting site 1 shown in Fig. 1. The dense shrubby and

herbaceous vegetation on the right of photo is the “hunting ground” of the wasp, where the latter caught most prey, a: Apache

plume; b: Helianthus spp. (e.g., petiolaris?) and Verbesina encelioides); c: Arizona sycamore; h + i: vegetation tangle, with

mainly Arizona grape (Vitis arizonicus) (h) and young Arizona walnut (Juglans major) (i), etc.;/.' cholla cactus (cane choUa?

Opuntia spinosior). Note bare patches = potential nesting sites (“open” type in text) (open arrows: 1, path; 2, area cleared by

harvester ants: Pogonomyrmex sp.; 3, cattle “dusting place”). Some of these areas were occupied by other digger wasps too

{Ammophila spp., Bicyrtes spp., Bembix spp., Tachysphex spp., Cerceris sp., etc.). (Note: Horsemint {Monarda pectinata),

'another characteristic plant of the area, is not visible on this photo.) Fig. 3. Detail of the “closed” type of nesting site (site

1 in tex-t) that was indicated by an arrow in Fig. 1 and 2. It is about 30-40 cm across and probably represents an old mound

made by a burrowing rodent, weathered away and isolated in dense herbaceous vegetation.
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Fig. 4. Detail of an “open” type of nesting site (about 50-60 cm across; approximate delimitation: dotted line), located on

a relatively large area of bare soil. Arrow indicates position of burrow of the wasp, left open after digging. The darker areas

of soil in the center of the nesting site represent nest fill left on the area after digging and closing the previous nests. The large

circular area of bare soil, more or less concentric with the nesting site (dotted line), represents an old site previously occupied

and cleared by a harvester ant colony {Pogonomyrmex sp.). a: Apache plume bush. Fig. 5. Special tail-up/wings-spread

(fluttering) posture (territorial display?) assumed by the “owner” of a nesting site (nesting territory?), while active on the

latter, or while engaged in nesting activities there, or chasing intruders away. The wasp also walks excitedly all over the site

while exhibiting this behavior. Note the tattered wing tips, characteristic of wasps near the end of their reproductive season.



Behavior of Podalonia valida 119

wasp also exhibits the special posture particularly apparent during the early (appetitive) stages.

Several nests can be completed in one day. As evening approaches, the wasp visits the nesting

site less and less frequently until she fails to reappear (sometimes as late as 1815, 10 Sept.;

1 822, 1 1 Sept.
;
1730, 15 Sept.

; 1717, 17 Sept.
;
and even 1 900, at which time the wasp just

finished nest closure, 16 Sept.).

Table 1. Early occupancy of nesting site 1 in the daily cycle (in daylight saving time).

Date

(1972)

Beginning

observation

Wasp was already

on nesting site

First appear-

ance on nesting

site

Followed

by

Sept. 1 H- 1020 ^(resting?) visits

Sept. 12+ 0945 1006 digs (in pre-

vious burrow)

Sept. 13+ 0945 *(resting?) inspects burrow

Sept. 15+ 1025 *(resting?) loafing

Sept. 16+ 1022 1035 inspects burrow

Sept. 17+ 1040 1045 closes burrow

then digs another

Sept. 18 1015 *(was digging) burrow digging

+ an open burrow (dug the previous day) is visible on the nesting site.

As an illustration of daily occupancy of a nesting site, the following summary of field notes

is given. On September 1 1, 1972, the wasp owner (Female 1) was first seen on nest site 1 at

1020 (beginning of observation) and last seen there at 1822 (end of observation: 1830). From

1020 to 1058 the wasp visited the site frequently and also chased away an intruding female

who tried to re-open an already provisioned nest (re-excavation behavior). A copulation attempt,

by a visiting male, was also recorded. From 1058 to 1225, the wasp again frequently came back

to the nest site (between hunting trips?) and ran excitedly over it, while assuming a special

tail-up/wings-spread (and vibrating) posture. She also performed some digging in a burrow that

had been dug the previous day. Another copulation attempt was recorded. Prey capture and

storage probably occurred during an interruption of the observation (from 1225 to 1309) since

at 1309 the wasp was found in the process of closing the nest (early stage). This ended at ap-

proximately 1346, but from 1330 on, nest closure activities became interspersed with increas-

ingly frequent and long lasting bouts of rest. At 1348, again an intruding female was noticed

but left at once. At 1350, the owner started digging a new burrow, very close (7-8 cm) to the

nest just completed, and later chased (1490) a visiting male who tried to copulate. Digging

proceeded, intermittently, until 1446, when suddenly the wasp started to fill the non-provisioned

nest with sand, apparently in response to an invasion of the burrow by tiny ants. The burrow

was abandoned at 1450 and the wasp left, but re-visited the nest site repeatedly (also another
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copulation attempt was observed) until 1505 when she started reopening the burrow filled

before (!) only to fill it again (1508), apparently in response to ant intrusions. More intermit-

tent visits and rests followed, until approximately 1600-1615 when digging of a new burrow

started and ended between 1631 and 1635. Intermittent and increasingly spaced visits to the

nest site followed, accompanied by the special posturing mentioned earlier, except during the

resting bouts (an intruding female was also vigorously driven away at 1659). The wasp left the

sitq for good at 1 822.

Proportions of time spent by the wasp on her nesting site appear, however, to vary consider-

ably from day to day, and probably from individual to individual, and according to circum-

stances. Thus disturbances and intrusions (of ants, conspecifics, etc.) appear to exacerbate

the wasp into staying longer on the site, and/or into coming back more frequently. In a larrine

wasp, Liris nigra, studied in captivity, frequent visits of intruders to an occupied burrow ap-

parently often resulted in the owner staying inside it most of the time — a highly unusual be-

havior in this species (Steiner, 1962), suggesting “nest-guarding”.

Behavior of the owner toward intruders. — Whenever the wasp detects an insect intruder or

a conspecific, either male or female (but particularly the latter, early in the season), on the

nesting site, she runs excitedly toward it, threatens it by using a frontal threat display (Fig. 6b),

and if this is not enough, darts at it on foot, sometimes in a short flight, mandibles open, and

may even grapple with the intruder.

H

Fig. 6. Non-displaying wasp (a, c) and displaying wasp (b, d) in frontal view (a, b) and seen from above (c, d).
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Frequent intrusions of ants or even columns of them also elicit the same hostile reactions,

but the wasp often appears to experience great difficulties in expelling these persevering

visitors.

Males of Podalonia valida also visit these sites, pounce on nesting females and try to mount

» them. In the absence of a female, a male often remains on the site sunning himself. A male

may “stalk” a female. For example, Gillaspy (1969) found a male Sphex tepanecus near the

entrance of a nest while the female was filling the burrow. The reaction of the owner to such

male intrusions varies from some measure of tolerance (early in the morning, at basking time,

or during the pauses between nesting activities, etc.) to threatening or even violent expulsion,

often necessitating much grappling since the male comes back repeatedly. Such attempted

copulations were also particularly frequent early in the season. Thus between 1630 and 1700

(September 10) three attempts were witnessed (one of which was apparently successful); between

approximately 1 130 and 1 500 (September 1 1), five such attempts were observed and nine

between 1045 and 1410 (September 12). Male interference with nesting females is reported

from many species, for instance in various Tachysphex (Kurczewski, 1966). Females usually

resisted copulation by moving to one side, by raising the wings nearly vertically and beating

them continuously. Krombein (1958) also reports disruption by males of nesting activities

in Diodontus virginiana (under the name Xylocelia v . ) and Powell ( 1 964) reports the same

in Ammophila aberti. Female Sphex (Gillaspy, 1962) and Oxybelus (Bohart and Marsh, 1960),

however, were seen interrupting their nesting activities to mate.

An occasional grasshopper that lands on the nesting site is also expelled at once. Such

persistent hostile (or defense?) behavior effectively prevented other insects (except an under-

ground colony of tiny ants) and conspecifics from establishing themselves on the site.

Somewhat oddly, some fly parasitoids such as large bombyliids (perhaps Ligura sp. or

Exoprosopa sp.) with striking black markings on the wings (a device that perhaps increases

the apparent size of its bearer) when hovering over the site, burrow, or owner, did not elicit

hostile reactions, and sometimes rather elicited fear reactions and even flight of the owner

from its own “territory”! These flies had then unobstructed access to the open burrow, in

which they would almost invariably oviposit at once.

Conspicuousness of the owner on her nesting site (motions and postures). — As mentioned

earlier, the wasp owner (but not an intruding conspecific) exhibited a very characteristic

behavior and assumed a striking posture whenever she was on her nesting site (but not on a

strange nesting site). She ran excitedly over the nesting site, her brilliant red abdomen held

upwards at an angle with the rest of the body which was more or less parallel with the ground.

The wings, which vibrate or flutter continuously, were held horizontal and outspread, at right

angles with the body axis (Fig. 5 and 6). Often the wasp appeared to walk in a tilted way,

almost “on tip toes”. At this time the wasp was ready to attack anything moving on or near

the nesting site.

This tail-up/wings-spread (fluttering) posture is striking and makes the wasp very conspicuous

on the nesting site, even at several meters from the site, both at ground level (Fig. 6a, b) and

from above (Fig. 6c, d), to an animal flying over the site.

DISCUSSION AND INTERPRETATION

Monopolization and defense of a small nesting site; nest clustering

Use of small areas for nesting sites and/or clustering of consecutive nests in the same re-

stricted location are reported for some other wasps. Thus females of Ammophila procera

studied by Rau and Rau (1918) were seen “digging in the friable soil of a small, barren area

amid low vegetation”. Rau and Rau (1918) believe that a female Tachysphex terminatus ob-
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served for some period of time “builds a chain of nests”. Clustering of consecutive nests is

recorded for instance ^ox Prionyx atratus (Lepeletier) (Williams \9\3 In Evans 1958) and

Prionyx thomae (Fabricius), both in Kansas (Evans, 1958); Hartman (1905) found nine nests

of the latter species in Texas in an area only a few centimeters square, all apparently made by

the same wasp over a period of several days. The latter observation fits remarkably with the

data reported here for Podalonia valida. There seems to be also some degree of monopolization

(but no defense?) of the area by one female over a period of at least several days.

Similar trends seem also to be at least indicated in some other species of Podalonia. Thus

Krombein (1936) found in New York a female P. robusta (see \xndQv Podalonia violaceipennis

(Lepeletier)) nesting only in one situation — in little pockets of soil formed between two roots

of several uprooted stumps. In this instance, no other Podalonia females were in sight during

excavation and filling in. Later, Krombein found provisioned nests that were re-excavated by

the wasp or some other one. Re-excavation of provisioned nests by other females is also re-

ported by Newcomer (1930), being common also in the Palearctic species P. hirsuta (unpub-

lished personal observations). In the latter species, re-excavation was followed by “stealing”

of the stored prey. What appear to be unsuccessful attempts at re-excavation were also observed

in P. valida (pers. obs.: see above). The owner, however, expelled the intruder during a visit to

the nesting site before the prey, stored in the terminal cell, had been reached, “stolen” or thrown

away (if using burrow instead of prey for this latter case). This observation suggests that ter-

ritorial defense, monopolization, and/or frequent visits might be deterrents of considerable

selective advantage in preventing the nests from being re-excavated or accidentally destroyed

by conspecifics, particularly in a situation where there are only a few limited nesting sites iso-

lated in large areas of unsuitable (densely vegetated) areas. Such sites are easily detected vis-

ually.

Still another factor might be of relevance in this respect: Podalonia females often prey on

agrotine, noctuid larvae (cutworms) that bury themselves during the daytime (examples are

as follows. Nearctic species: P. robusta (Cresson), Evans, 1963; P. luctuosa (Smith) and/or

P. communis (Cresson), Hicks, 1931a and b, and 1932. Palaearctic species: P. hirsuta (Scopoli),

Fabre, 1879, 1882;P. affinis (Kirby), Marchal, 1892;P tydei (Le Guillou), Fabre, 1879, and

Picard, 1903; P. atrocyanea Eversmann (= P. chalybea Kohl), Tsuneki, 1968; P nigrohirta

Kohl and/or P. caucasica Morawitz, Tsuneki, 1968). Digging out these prey larvae (after ol-

factory? detection, by tapping the antennae on the ground) is then part of the normal hunting

procedure in these species and could be a latent propensity in the whole genus Podalonia that

facilitates re-excavation of previously stored prey (particularly if concentrated on a small area).

Moreover, many wasps return to areas where they have made successful hunting trips, for in-

stance Astata occidentalis, (see Evans, 1957). Thus the danger of re-excavation or accidental

destruction of nests by competitors could be particularly serious in P. valida, due to the con-

centration of stored nests. Visual advertisement by the wasp (if any) might therefore function

as an indicator of occupancy. One may even wonder if presence of a large open burrow on the

site (Fig. 4, arrow) does not contribute to the same function, particularly while the owner is

away.

Such a possible selective pressure could have favored a reversal of the usual sequence, the

nest being dug before rather than after hunting. Furthermore, presence of a burrow could

also motivate the owner to return repeatedly, and thus to visit the nesting site more often

and persistently than would otherwise be the case. If so, territorial behavior per se and return

to the previously dug nest would promote better occupancy of the nest site throughout the

day.

Besides, both behaviors seem to work synergistically in that they both require (and promote?)

accurate medium-range homing abilities and topographical memory, which are unnecessary to
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non-territorial wasps that also use a single prey for each nest, dug after prey capture (females

of most Podalonia species of known biology), and if no nest clumping occurs.

The unusual nesting behavior of P. valida might also have been imposed on the females, at

least to some extent, by the necessity of finding suitable (bare) nesting sites, in short supply,

as close as possible to densely vegetated areas, or even inside the latter. This seems desirable

first because these areas are likely to be the best (or only?) hunting grounds (see Fig. 1 ;
also

Fig. 2; the area on the right of the photo) and second because it would probably be uneconom-

ical, if at all possible, to carry such very large and heavy prey organisms over great distances

through dense vegetation (away from which nesting sites would not be in such short supply).

Besides, long distance transport would also require a long range homing ability (on foot) that

the wasp perhaps does not possess. The advantage of close proximity of the prey (and of ex-

ploiting a new food niche where there is no or less interspecific competition) might have been

acquired at the cost of some measure of intraspecific competition for scarce suitable nesting

sites. Dominant individuals are perhaps at an advantage in such a competition. This situation

is rather unusual for the Sphecidae, because most females of this family prey on small insects

that can be carried over great distances, on the wing.

Nest clustering probably also results in several sister-females emerging later on the same

small area. This could lead to local crowding if all these wasps attempt to stay on or near their

birthplace. Territorial behavior might then be selected for as a spacing-dispersal mechanism

by which the surplus wasps (if any) are driven away from a site that is sufficient for one nest-

ing wasp only. In fact, most territorial contests, trespassing and attempts at re-excavating pro-

visioned nests were observed at early stages of this study, particularly during the first three

days of observation (September 10-12). Thus within an observation period of approximately

two hours on September 10, between 1545 and 1745 hours, six instances of trespassing by

other females were observed (of which one was apparently an attempt at re-excavating a stored

nest); at one time as many as ioux Podalonia (males and females) were seen on nesting site 1.

Each time if on the site, the owner vigorously expelled the intruders. On September 1 1, during

a six-hour period of observation (approximately 1 100-1700) eight instances of female trespas-

sing were recorded (of which two were re-excavation attempts). Again, at one point, four

Podalonia (males and females) were sighted on the small nesting area.

Unfortunately, this study did not begin early enough to include the emergence period of

the wasps. Later in the season trespassing became much less frequent, possibly indicating that

the period of intensive search for nesting territories was over, or that spacing had indeed taken

place and that the wasps (including the males) had become progressively conditioned to the

position of the different “territories”, perhaps on the basis of indicators of occupancy as men-

tioned earlier. Thus between September 17 and 20 only two instances of trespassing were re-

corded, one of which was a grasshopper that was chased away and followed by the wasp in

flight as he jumped away. In fact, trespassing became so exceptional later in the season that

the territorial nature of such nesting sites could then easily have been overlooked.

A conspicuous, easily detectable, system of territories, territory owners, and indicators of

occupancy has potentially advantages, since it can attract males, and repels competitors, and

disadvantages, since it can make detection by parasites (particularly some rax ’’-looking

bombyliids) easier. There is no doubt, that the latter are attracted by and oviposit in openings,

including the “accessory burrows” dug by some wasps around their real nest (Evans, 1966),

and also including the all-too-conspicuous burrows of P. valida females.

More information is required in order to know if the unusual nesting behavior of P. valida

described in this paper is characteristic of the species as a whole, or only of some populations

in some geographical and/or habitat (local) situations. At any rate, the clustering of nests does

not appear to be always imposed on the wasp, since this was observed even when rather large
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bare areas were available (see Fig. 4).

Furthermore, each individual female did not appear to select exclusively one of the two types

of nesting sites (closed or open). Thus the female most observed (Female 1) selected first a

“small pocket” site (site 1, Fig. 3) of closed type, then another one of same type, and finally

a site in a more open, bare area (Fig. 2, open arrow 3) about 50-70 m from site 1. More observa-

tions are needed. Unfortunately, simultaneous observation of more than one female is very

difficult or impossible because of the wide scattering of the wasps on their discrete nesting

sites, and of the disturbance that would result from visiting the sites too frequently. In con-

clusion, if nesting on small pockets of bare soil is the cause of nest clustering and/or territorial

behavior, it appears to be a mediate rather than a proximate cause.

Conspicuousness of the wasp, posturing and movements on the nesting site

At least some elements of such behavior are found in other wasp species. Thus a female

Prionyx parkeri (under the name P. pubidorsus (Costa)), observed in the process of digging

her nest . . ., “flicked her wings constantly while outside the nest and made a slight buzzing

noise while digging” (Evans, 1958: 183); a female Ammophila harti was seen holding the

abdomen high while searching for small stones used in the temporary closure of the nest

(Evans, 1959); the female Podalonia robusta (under the name P. violaceipennis) mentioned

earlier was observed “running nervously” about on the surface of a pocket of soil . . . also the

buzzing was very pronounced during digging (Krombein, 1936). This might well be a behavior

comparable to the one observed in Podalonia valida. Podalonia luctuosa and/or P. communis

females were also described as feverishly running from one grass clump to another, inspecting

the ground carefully while hunting (Newcomer, 1930; Hicks, 1931a and b, 1932). Rau and

Rau (1918) describe an '"Ammophila pictipennis'' wasp closing her burrow and packing the

fill with her head. They add: “To accomplish this she almost stood on her head, bracing her-

self with her hind legs.” Kurczewski (1966) in his behavioral study of some male Tachysphex

(that maintain fixed “stations”) saw some females spreading their wings vertically or at right

angles and beating them continuously. This he interpreted as being a possible signal for males

that insemination occurred.

Such behavior might be, in part, a manifestation of the excitation of wasps actively engaged

in nesting activities and/or in “appetitive” stages of them, but in Podalonia valida it is not

reducible to it, since: 1) the “owner” of the territory exhibited this behavior during “pauses”

in the nesting cycle (except during basking and resting), for instance after nest digging and

before going on a hunting trip, and even outside the nesting cycles, for instance during the

short “visits” paid to the nesting site; 2) during the hunting trips, as soon as the wasp had left

her nesting site, this behavior stopped at once, although the wasp was obviously still engaged

in a nesting activity (hunting). The wasp was then even remarkably inconspicuous (no wing-

fluttering, no “nervous walking about”, etc.) in sharp contrast with the situation when she

resumed this behavior upon returning to the nesting area with or without prey; 3) intruding

females did not show such behavior (except on their own nesting site), even if apparently

engaged in nesting activities as indicated by attempts at re-excavating provisioned nests, trying

to dig a nest, etc.; 4) in one instance, a switch to another nesting site by one female was wit-

nessed after she had already made a large number of nests on the first site, possibly to full

capacity. The transition was gradual. The wasp first “visited” another, apparently vacant,

nesting site (but previously occupied by another female) at a distance of about 50-100 m from

the other site, behaving like an “intruder” and abstained from showing the special behavior

and posture, although the wasp was evidently “interested” in the burrows found there and

even performed a few digging (or re-excavating?) motions in some of them. Progressively, the

number of visits to this new site increased as the wasp came less and less frequently to the
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first site. At one point, not determined with precision, the wasp was found to exhibit again

the special behavior on the new site (as well as at the old site when visiting it infrequently).

The new site then became a new nesting site (nesting territory?).

Thus territory “ownership” seems to be an important prerequisite to or correlate of such

behavior which appears to be a territorial visual display or advertising device, with threat

components. Ethologists have noticed that territorial or threatening animals often make them-

selves as conspicuous, large or frightening as possible on their territories (in sharp contrast to

“trespassers”, who remain as inconspicuous, “cryptic” and small as possible). Conspicuousness

can be achieved by special movements (here running excitedly about and beating the extended

wings), coloration (here the bright red abdomen) and special posturing (here holding the brilliant

red abdomen erect), and often increasing their apparent size - “bluff” behavior (here full ex-

tension of the dark wings increasing the apparent size). If this is indeed a display, it could be

derived from pre-existing components mentioned in other nesting wasps. Or at least such

components could be the raw material used and incorporated into the display.

Holding the red abdomen high seems particularly well adapted for a frontal display (Fig. 6b),

when the wasp threatens an intruder on the ground, face to face. It makes the otherwise in-

visible abdomen (Fig. 6a) visible to the opponent (Fig. 6b) (some jumping spiders bend then-

abdomen sideways, at a right angle with the body axis, rather than upwards, when they per-

form frontal displays). This also considerably increases the apparent size of the performer

(“bluff’ component?), along with the vibrating, spread out wings and the “tilted” appearance.

The very dark, spread out wings, however, are particularly conspicuous when seen from above,

for instance by an airborne conspecific (compare Fig. 6c and 6d).

Beating the wings continuously might be also or instead a signal of non-receptivity to the

males, as suggested for some Tachysphex females observed by Kurczewski (1966), or a reaction,

a deterrent, to ant invasion (or even an attempt to “fan away” the ants). The wasp under study

(Female 1) was plagued by such invasions which were the source of considerable disturbance

(such as filling up freshly dug burrows after invasion by the ants), particularly when the ants

were very small and could not be picked up or driven away individually by the usual means.

Wing beating was, however, also exhibited by a female occupying a nesting site (Fig. 4) devoid

of ants. This makes the ant repelling explanation less likely than the territorial one.

The territorial display might have incorporated, enhanced and “ritualized” behavioral and

postural elements (e.g., wing vibration, running about, abdomen up) already present in the

repertoire of other wasps, perhaps “emancipating” them in part or totally from their original

(non-territorial) motivation(s).
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PHYTOMYZA MINERS OF BORAGINACEAE IN NORTH AMERICA
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Four species of the Phytomyza symphyti group are recorded as leaf-miners of Boraginaceae

in northwestern North America, as follows: Phytomyza mertensiae Sehgal, P. petiolaris n. sp.

(type-locality Walker Fork, Alaska), P. ovalis sp. (type-locality Lake Teslin, Yukon Territory)

and P. beringiana n. sp. (type-locality Salcha River, Alaska). Revised keys are given to the males

and leaf-mines of this group, as well as a discussion ofphylogeny and host-plant relationships.

Quatre especes du groupe Phytomyza symphyti sont signalees comme mineuses des feuilles

des Boraginacees dans le nord-ouest d’Amerique du nord, tel que: Phytomyza mertensiae

Sehgal, P. petiolaris^. sp. (localitNtype Walker Fork, Alaska), P. ovalis n. sp. (localite-type

Lac Teslin, Territoire de Yukon) et P. beringiana n. sp. (localitFtype Riviere de Salcha, Alaska).

Des clefs nouvelles sont pourvues pour les males et les mines de ce groupe, aussi quune dis-

cussion de la phylogenie et les relations avec les holes vegetals.

Folgende vier Artender Phytomyza symphyXi-Gruppe werden als Blattminierer von Boraginaceae

aus dem nordwestlichen Nordamerika besprochen: Phytomyza mertensiae Sehgal, P. petiolaris

n. sp. (Fundort des Typus: Walker Fork, Alaska), P. ovalis /r. sp. (Fundort des Typus: Lake

Teslin, Yukon Territorium) und P. beringiana n. sp. (Fundort des Typus: Salcha River, Alaska).

Neue Bestimmungstabellenzum Mdnnchen und Blattminen fur dieser Gruppe werden gegeben,

sowie Erorterungen iiber Phylogenie und Wirtspflanzenbeziehungen.

The European species of the Phytomyza symphyti group have been described and discussed

in much detail by Nowakowski (1959), who treats this group of Boraginaceae-miners as a sub-

group of the Phytomyza obscura group sensu lato (the other subgroups being miners of Labiatae).

In that paper Nowakowski distinguished four European species of the P. symphyti group: P.

lithospermi Now., P. pulmonariae Now., P. symphyti Hendel and P. myosotica Now. I am
satisfied on the basis of my European material that Nowakowski’s species concepts are correct.

Very recently, Beiger (1975) has described a fifth European species, P. nowakowskiana Beiger,

so far known only from south-east Poland. Since no further revision of the European species

seems needed, I describe only the North American species in this paper. My rearings on this

continent have yielded three undescribed species, in addition to the single species previously

described by Sehgal (1971).

The holotypes of the new species described in this paper will be deposited in the Canadian

National Collection (Ottawa). See the first paper in this series (Griffiths, 1972) for explanation

of terms and abbreviations.

PHYLOGENY AND HOST-PLANT RELATIONSHIPS

Nowakowski (1959) has postulated the phylogenetic relationships between the European

species of the Phytomyza symphyti group, based on interpreting as plesiomorphous the con-

dition of the posterior larval spiracles of P. lithospermi Now. (in third-instar larva and puparium

with 10-14 bulbs in oval ellipse). Hence he considered that species to be the sister-group of the
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three remaining European species {P. pulmonariae Now., P. myosotica Now. and P. symphyti

Hendel), to which the newly described P. nowakowskiana Beiger must now be added; these

all have narrow two-horned posterior spiracles (compare Fig. 17). However, three of the North

American species described below (P. ovalis n. sp., P. petiolaris n. sp. and P. mertensiae Sehgal)

also have oval posterior spiracles like P. Uthospermi (compare Fig. 18). Whether or not these

four species are monophyletic is not clear. It would be incorrect to group them together merely

on the basis of their similar spiracles (symplesiomorphy). So the only firm hypothesis which

I draw from the distribution of spiracle types is that the species with narrow two-horned pos-

terior spiracles (the four European species listed above, together with P. beringiana n. sp.) form

a monophyletic group. The range of variation in the number of spiracular bulbs in species of

this group forms the following series (Variabilitatsreihe), based on my own data added to that

published by Nowakowski (1959) and Beiger (1975).

Number of spiracular bulbs Possible

in 3rd instar larva and puparium Monophyletic

Species Anterior Spiracles Posterior Spiracles Groups

pulmonariae Now. 10 10- 14

-

beringiana n. sp. 15-18 15 - 18

myosotica Now. 15- 18 15 - 19

nowakowskiana Beiger 13- 15 18-23

(mostly 19-21)

symphyti Hendel 17- 19 21 -27

(mostly 22-25)

Apart from variation in the form of the larval spiracles, the species of the P. symphyti group

also differ from one another in respect of details of their aedeagal structure. These differences

are of high diagnostic importance, but scarcely help the phylogenetic analysis as the direction

of change is not known. In general, it should be recognized that in dealing with complexes of

species differentiated mainly by proportional or meristic characters, we are near the limits of

resolution of phylogenetic analyses based on visible form alone. For this reason I prefer to be

more cautious than Nowakowski, and doubt whether the existing information warrants asserting

more than two phylogenetic hypotheses, namely: (i) that the P. symphyti group as a whole is

monophyletic, and (ii) that included within this group is a monophyletic group of five species

(as above) with narrow two-horned posterior larval spiracles. Within the latter group, the

simplest interpretation of the variation in the range of posterior spiracular bulb numbers (as

a single series of increasing numbers) suggests two further monophyletic groups, as indicated

in the right-hand column of the above table. But too much reliance should not be placed on

these suggested groupings, as the existing analysis provides no additional interpreted character

sequences against which they can be checked.

Nowakowski interprets the differentiation of the P. symphyti group as primarily the result

of food-plant specialization (ecological isolation). His data indicated one species fP. Uthospermi)

confined to the Fithospermeae, one (P. myosotica) to the Myosotideae, and two (P. pulmonariae

and P. symphyti) to the Anchuseae. Only on Symphytum (Anchuseae) was an overlap in host

range suggested. Nowakowski reported both P. pulmonariae and P. symphyti on this plant

genus (see also the note by Hering, 1963), and Beiger’s (1975) new species P. nowakowskiana

is also a Symphytum-minQi.

It now seems confirmed that food-plant specialization cannot have been the sole cause of

differentiation. The four North American species treated in this paper all have the same main
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host, Mertensia paniculata (Ait.), which is the only large-leaved member of the Boraginaceae

available through much of the boreal forest in northwestern North America. Interestingly,

there is a topographical vicariance between P. petiolaris n. sp. and the other three species, the

former being the only species of this group whose larvae feed in the petiole and midrib of the

leaf. In Europe the host vicariance reported by Nowakowski is certainly real, although an ad-

ditional overlap has since come to light (both P. myosotica and P. pulmonariae on Myosotis).

I have received a male of P. pulmonariae bred from larva l.vi.66 on Myosotis sylvatica (Ehrh.),

Miihlhausen (Stadtwald), Thuringia, Germany, emerged 12.vi.66, leg. H. Buhr (no. 2818). My
view is that the differentiation of the P. symphyti group has been the result of a complex in-

teraction of geographical and ecological isolation, and that we should not overemphasize the

importance of one of these factors at the expense of the other. It seems premature to hypothe-

size about the details of this interaction in the absence of information on the Asian representa-

tives of this group.

DIAGNOSIS

The keys which follow are partly based on that given by Nowakowski (1959: 194). Adults

of the Phytomyza symphyti group can be identified only by study of the male aedeagus. Since

I have no larval preparations but only puparia of the North American species, I have omitted

Nowakowski’s distinction between the presence or absence of a group of spinules (Warzen-

gruppe) on the larval head. This cannot be reliably determined in puparia. I have also omitted

his distinction between the presence or absence of the prothoracic and mesothoracic spinule

bands. This distinction requires further study in larval preparations. At least the mesothoracic

band is present dorsally in some of my puparia of P. myosotica Now., a species which Nowa-

kowski characterizes as lacking these bands.

The larvae of various Agromyza species also mine the leaves of Boraginaceae. These may be

distinguished from larvae of the Phytomyza and Chromatomyia species included in the keys

below by their larger size and three-bulbed posterior spiracles.

Key to males ofPhytomyza symphyti group

2 ( 1 ’)

2
’

3(2’)

3’

4(3’)

5(4’)

Lateral sclerites of medial lobe of aedeagus tapering apically, well separated from

one another (Nowakowski, 1959, Fig. 14). Europe . .P. lithospermi Nowakowski

Lateral sclerites of medial lobe expanded in posteroventral view, turned inwards

and more or less fused with one another apically 2

Pigmented lateral angles on either side of terminal processes of aedeagus (Fig. 10).

Alaska P. beringiana n. sp.

Lateral angles not pigmented 3

Pigmented processes extending from apical corners of lateral sclerites of medial

lobe (Fig. 9). North America P. mertensiae Sehgal

Lateral sclerites of medial lobe without pigmented processes 4

Sclerotization of distal section of aedeagus (mesophallus) of rather uniform width

in lateral view (Fig. 3), with paired terminal processes well separated (Fig. 1);

lateral sclerites of medial lobe shorter than paramesophalli. North America ....

P. ovalis n. sp.

Sclerotization of distal section in lateral view much narrower posteriorly than

anteriorly 5

Sclerotization of distal section weakly S-shaped in lateral view (turned downwards

basally), with terminal processes contiguous; lateral sclerites of medial lobe shorter

than or about as long as paramesophalli (Nowakowski, 1959, Fig. 17). Europe . .

P. myosotica Nowakowski

Quaest Ent., 1975, 11 (2)
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5’ Sclerotization of distal section more or less straight, not turned downwards basally

6

6 (S’) Terminal processes of distal section contiguous or narrowly separated; lateral scler-

ites of medial lobe obviously longer than paramesophalli (Nowakowski, 1959, Fig.

16). Europe P. pulmonariae Nowakowski
6’ Terminal processes of distal section well separated 7

7 (6’) Sclerotization of distal section (mesophallus) narrow with strongly sinuate dorsal

margin in lateral view; lateral sclerites of medial lobe appearing much expanded

apically in lateral view (Nowakowski, 1959, Fig. 20). Europe

P. symphyti Hendel

T Sclerotization of distal section wider in lateral view 8

8 (7’) Aedeagus as figured by Beiger (1975, Fig. 1), with lateral sclerites of medial lobe

extending almost from apex of basal sclerites. Europe

P. nowakowskiana Beiger

8’ Aedeagus as Fig. 5-7, with lateral sclerites of medial lobe well separated from apex

of basal sclerites. North America P. petiolaris n. sp.

Key to Phytomyza and Chromatomyia mines on Boraginaceae

1 Puparia formed inside leaf, with anterior spiracles turned downwards, projecting

through epidermis. Mines narrowly linear throughout

Chromatomyia horticola (Goureau)

r

2 ( 1 ’)

2
’

3(2)

3’

4(3’)

4’

5(2’)

5’

6(5’)

6
’

7(6)

7
’

This polyphagous old-world species has been reported from Heliotropium, Cynoglossum, Omphalodes, Trichodesrm,

Caccinia, Lappula, Asperugo, Anchusa, Lycopsis, Nonea, Pulmonaria, Symphytum, Borago, Lithospermum,

Myosotis, Cerinthe, Podonosma and Echium (Griffiths, 1967).

Puparia formed outside leaf, or, if inside, anterior spiracles not turned downwards

and semicircular exit slit cut by larva before puparium formation. Mines at least

partly blotchy {Phytomyza symphyti group) 2

Posterior spiracles of third instar larva and puparium oval (Fig. 18) 3

Posterior spiracles of third instar larva and puparium two-horned, with bulbs ar-

ranged in narrow ellipse (Fig. 17) 5

Larva feeding partly in petiole and midrib of leaf (Fig. 14). North America. On
Mertensia Phytomyza petiolaris n. sp.

Larva feeding solely on parenchyma of leaf, avoiding petiole and basal part of mid-

rib 4

Europe. On Lithospermum Phytomyza lithospermi Nowakowski

North America. On Mertensia, Myosotis and Hackelia . . Phytomyza ovalis n. sp.

01 Phytomyza mertensiae Sehgal

Posterior spiracles of third instar larva and puparium with 10-14 bulbs. Puparia

mostly with dorsal swelling on mesothorax. Europe. On Pulmonaria, Symphytum

and Myosotis Phytomyza pulmonariae Nowakowski

Posterior spiracles of third instar larva and puparium with more numerous bulbs

6

Puparia mostly with dorsal swelling on mesothorax. Europe. On Symphytum . . 7

Puparia without dorsal swelling on mesothorax. Posterior spiracles of third instar

larva and puparium with 15-19 bulbs 8

Posterior spiracles of third instar larva and puparium with 21-27 bulbs (mostly 22-

25) Phytomyza symphyti Hendel

Posterior spiracles of third instar larva and puparium with 1 8-23 bulbs (mostly 1 9-

21) Phytomyza nowakowskiana Beiger
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8 (6’) Puparia normally formed inside leaf. Europe. On Myosotis

Phytomyza myosotica Nowakowski
8’ Puparia formed outside leaf. Alaska. On Mertensia. .Phytomyza beringiana n. sp.

TREATMENT OF SPECIES

Phytomyza ovalis new species

Adult. — Head with orbits not or scarcely projecting above eye in lateral view; genae in

middle 0.2-0.25 times eye height; eyes with only sparse fine pubescence. Frons at level of

front ocellus about Wi times width of eye. Ors directed posteriorly, ori directed inwardly;

posterior ors 0. 5-0.9 times as long as anterior ors, about equidistant between anterior ors and

vti; anterior ori variably developed, 0.3-0. 7 times as long as posterior ori (with additional third

pair of ori in female from Summit Lake Pass); orbital setulae more or less one-rowed. Peristo-

mal margin with vibrissa and 3-5 upcurved peristomal setulae. Third antennal article rounded

distally, about as long as high, with short pubescence.

3 + 1 dc; acr numerous, in 4-7 rows anteriorly; presutural ia numerous; 6-1
1 postsutural ia;

inner pa 1/3 to 1/2 as long as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg
2
/mg

4 2. 3-2. 8. Wing length; 6, 2. 1-2.2 mm;
9, 2.35-2.5 mm.

Colour largely dark. Centre of frons dark brown to black; genae orange-brown to dark brown.

Labella yellow. Thorax largely shining black, finely grey-dusted, with contrasting white stripes

along notopleural and mesopleural sutures. Wing base and squamae white, latter with dark

fringe. Coxae black; trochanters and femora largely brown to black; tips of front femora and

bases of front tibiae bright yellow; tips of other femora yellow-brown; front tibiae and tarsi

largely yellow to yellow-brown; other tibiae and tarsi yellow-brown to brown. Abdomen large-

ly brown, but with contrasting whitish stripes on sides along margins of terga. Basal cone of

ovipositor (9) grey-dusted on about basal half.

Eighth sternum of male postabdomen narrowly separated from 6th tergum or more or less

fused along distinct suture line, with narrow lateral extensions to sides of venter. Telomeres

represented by densely setulose apical lobes of periandrium, not delimited by suture. Epiphal-

lus with apical thorn. Pregonites not extending ventrally
;
hypandrial arms broad in ventral

view. Aedeagus as Fig. 1-3; basal sclerites much expanded; ejaculatory duct slightly pigmented

within basal section; central sclerite of medial lobe (“hypophallus” Nowakowski) well developed;

lateral sclerites of medial lobe distinctly shorter than paramesophalli, expanded in postero-

ventral view, more or less fused apically below central sclerite where their pigmentation is

weaker than at sides; cylindrical sclerotization of distal section (mesophallus) of rather uni-

form width in lateral view, with short ventral crest (Kamm), with paired terminal processes

well separated and sinuate in ventral view. Ejaculatory apodeme as Fig. 4, large, slender at

base, much expanded distally; ejaculatory bulb with pair of pigmented lateral tubercles;

ejaculatory duct leading from ejaculatory bulb shortly pigmented.

Puparium and third instar larva. — Mandibles with two alternating teeth; right mandible

longer than left. Anterior spiracles two-horned, with 13-15 bulbs; posterior spiracles (Fig. 18)

oval, with 1 3-20 bulbs in oval (nearly circular) open ellipse. Puparia varying from yellow to

dark red-brown, 1. 8-2.0 mm long, without dorsal swelling on mesothorax.

Mine. - Larvae leaf-miners on Mertensia, Myosotis and Hackelia. Mine (Fig. 1 5) in leaf blade,

in some cases with initial slender channel on upper or lower surface, later broadly linear or

blotchy and in all cases on upper surface, on Mertensia and Myosotis appearing greenish brown

in reflected light due to presence of feeding debris in fine herring-bone pattern (but mines on

Quaest. Ent., 1975, 11 (2)



134 Griffiths

Hackelia more whitish without conspicuous feeding debris); faeces irregularly deposited as

large particles or in strips; larvae leaving leaf through semi circular slit on lower surface before

puparium formation.

Initial linear channels can be seen clearly in mines from the type locality, but cannot be

traced in some of the other mines. It is not clear whether this is due to variation in larval habit,

or to destruction of the initial channels by later feeding.

Types. — Holotype 6, 2 99 paratypes from larvae 31.viii-l.ix.69 on Mertensia paniculata

(Ait.), near East shore of Lake Teslin (10 mile Creek; 60°14'N, 132°55'W), Yukon Territory,

emerged 1 1-20.V.70, leg. G. C. D. Griffiths. 1 6 paratype from larva 15-18.vii.72 on Mertensia

paniculata (Ait.), near S end Kluane Lake (4000-4500 feet elevation), Yukon Territory, emerged

1 1.V.73, leg. G. C. D. Griffiths; 1 6 paratype from larva 18.vii.72 on Myosotis alpestris L. W.

Schmidt subsp. asiatica Vestergr., same locality (Slims Tundra at 4000 feet elevation), emerged

10.V.73, leg. G. C. D. Griffiths. 1 9 paratype from larva 5.viii.70 on Mertensia paniculata (Ait.),

Summit Lake Pass (4500 feet elevation; Alaska Highway mile 392), British Columbia, emerged

10.V.71, leg. G. C. D. Griffiths. 13 19 paratypes from larvae 19.vi.71 on Hackelia americana

(A. Gray), Elk Island National Park (Elk Island in Astotin Lake), Alberta, emerged 9-10.vii.71,

leg. G. C. D. Griffiths.

Remarks. — The name ovalis (“oval”) refers to the shape of the posterior larval (and puparial)

spiracles. Puparia of the next two species {P. petiolaris and P. mertensiae) have spiracles of the

same type, and no constant differences from P. ovalis have been noted. However, it is likely that

studies of the mouthparts in larval preparations will reveal differences in the case of P. petiolaris

in view of the different feeding habit of the larvae.

The breeding data suggest that P. ovalis is bivoltine in Central Alberta, but probably uni-

voltine further North.

Phytomyza petiolaris new species

Adult. — As described for P. ovalis, except as follows.

Lrons at level of front ocellus 1.5-1.75 times width of eye. Posterior ors 0.7 times to almost

as long as anterior ors (but absent on one side in one female); anterior ori weak in all specimens,

at most half as long as posterior ori. Acr in 4-5 rows anteriorly; 7-9 postsutural ia; inner pa

1/4 to 1/3 as long as outer pa. Costal ratio mg^l'tng^ 2.95-3.1. Wing length: c5, 2.15 mm; 9,

2.4 mm.
Squamal fringe ochreous to brown. Tips of middle and hind femora yellow to yellow-brown;

front tibiae and tarsi largely yellow-brown; other tibiae and tarsi yellow-brown to brown.

Aedeagus as Pig. 5-7; lateral sclerites of medial lobe as long as or only slightly shorter than

paramesophalli, uniformly pigmented and well defined in posteroventral view; cylindrical

sclerotization of distal section (mesophallus) much wider anteriorly than posteriorly in lateral

view, with long ventral crest (Kamm). Ejaculatory apodeme as Pig. 8, broader at base; tubercles

of ejaculatory bulb very large.

Puparium and third instar larva. — Very similar to those of P. ovalis. Anterior spiracles two-

horned, with 10-13 bulbs; posterior spiracles oval, with 11-14 bulbs in oval (nearly circular)

open ellipse (compare Pig. 18). Puparia yellow to golden yellow, 1. 9-2.0 mm long, without

dorsal swelling on mesothorax.

Mine. — Larvae leaf-miners on Mertensia. Mine (Pig. 14) partly in petiole and midrib of leaf,

with broad channels radiating into parenchyma, largely on upper surface, appearing greenish

white or greenish brown in reflected light (with feeding debris forming fine herring-bone pat-

tern in some mines, apparently absent in others); faeces mostly deposited in conspicuous bands

in channels in parenchyma; larvae leaving leaf before puparium formation through semicircular
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slit at end of inconspicuous terminal channel without faeces in parenchyma on lower surface.

Types. — Holotype d, 1 d 2 99 paratypes from larvae 2-3.viii.68 on Mertensia paniculata

(Ait), Walker Fork (64^4'N, 141°38'W), Alaska, emerged 12.V.69, leg. G. C. D. Griffiths.

Remarks. — I have also found empty mines of this species in August near the East shore

of Lake Teslin (Yukon Territory), in Summit Lake Pass at 4200 feet elevation (Alaska High-

way mile 392; British Columbia) and in Whitemud Creek in the City of Edmonton (Alberta).

It is probably univoltine, since the mines have not been found before August.

This is the only known species of the P. symphyti group whose larvae feed in the petiole and

basal part of the midrib of the leaf.

Phytomyza mertensiae Sehgal 1971

Phytomyza mertensiae Sehgal. Sehgal, 1971: 369. Holotype d, Edmonton (Alberta), in Canadian

National Collection, Ottawa.

Adult. — See Sehgal’s (1971) description, which indicates the following differences from

P. ovalis.

Frons at level of front ocellus about 2Vi times width of eye. Acr in 4 irregular rows. Costal

ratio mg
2
/mg

4
2.8. Wing length about 2.0 mm (both sexes).

Squamal fringe brown. Tibiae and tarsi dark brown.

Aedeagus as Fig. 9 and Sehgal’s Fig. 110-111; lateral sclerites of medial lobe uniformly pig-

mented and well defined in posteroventral view, with pigmented processes extending from

their apical corners, about as long (excluding processes) as paramesophalli; cylindrical sclero-

tization of distal section (mesophallus) relatively short, only about twice as long as terminal

processes, distinctly wider anteriorly than posteriorly in lateral view, with long ventral crest

(Kamm). Ejaculatory apodeme as Sehgal’s Fig. 1 12, broader at base; ejaculatory bulb with

pigmented lateral tubercles as shown in that figure (the statement “bulb . . . membranous”

in Sehgal’s text being presumably a lapsus).

Puparium and third instar larva. — Very similar to those of P. ovalis. Puparium of holotype

pale yellow, 1.85 mm long, with oval posterior spiracles (compare Fig. 18) bearing 15-18

bulbs in oval open ellipse; anterior spiracles lost.

Mine. — Larvae leaf-miners on Mertensia, forming linear mines according to Sehgal (1971)

(presumably broadly linear as in other species of the P. symphyti group). I have not seen any

specimen of the mines. The information given by Sehgal is insufficient to determine whether

they can be reliably separated from mines of P. ovalis and P. beringiana.

Material examined. - Holotype 6 from larva 10.ix.66 on Mertensia paniculata (Ait.), Ed-

monton (Whitemud Creek), Alberta, emerged 10.iii.67 (forced), leg. V. K. Sehgal.

Remarks. — The known material of this species remains that stated in Sehgal’s (1971)

original description, a bred pair (holotype 6 and paratype 9) and a male paratype caught at

the same locality on 8.vi.67. Additional material is needed to clarify whether the mines and

puparia can be distinguished from those of P. ovalis.

Phytomyza beringiana new species

Adult. — As described for P. ovalis, except as follows.

Frons at level of front ocellus 1 Vi-l times width of eye. Posterior ors variably developed,

0.65-0.75 times as long as anterior ors in two specimens, but short (on one side) or absent

(on the other) in paratype male; anterior ori 0.3-0. 7 times as long as posterior ori. 3-4 upcurved

peristomal setulae. Acr in 4-5 rows anteriorly; 2-6 postsutural ia; inner pa 1/4 to 1/3 as long

as outer pa. Costal ratio 2.15-2.5. Wing length: 6, 1.8-1.85 mm; 9, 1.85 mm.
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Squamal fringe yellow to pale brown. Front tibiae and tarsi largely yellow-brown; other

tibiae and tarsi brown.

Aedeagus as Fig. 10-12; central sclerite of medial lobe weakly developed; lateral sclerites

of medial lobe only slightly shorter than paramesophalli, much expanded in posteroventral

view; cylindrical sclerotization of distal section (mesophallus) much wider anteriorly than

posteriorly in lateral view, with slightly longer ventral crest (Kamm), with paired terminal

processes closely approximated or contiguous in ventral view; pigmented lateral angles on

either side of these terminal processes (Fig. 10). Ejaculatory apodeme as Fig. 13.

Puparium and third instar larva. - Mandibles with two alternating teeth; right mandible

longer than left. Anterior spiracles two-horned (with horns slightly longer than in P. ovalis

and P. petiolaris), with 15-18 bulbs; posterior spiracles (Fig. 17) distinctly two-horned, with

15-18 bulbs in narrow, widely open ellipse. Puparia golden yellow, 1.6- 1.7 mm long, without

dorsal swelling on mesothorax.

Mine. — Larvae leaf-miners on Mertensia. Mine (Fig. 16) in leaf blade, confined to upper

surface, initially stellate (radiating from oviposition site), later becoming blotchy or with

broad linear channels (similar to mature mine of P. ovalis), appearing greenish white or greenish

brown in reflected light (with feeding debris forming fine herring-bone pattern in some mines,

apparently absent in others); faeces irregularly deposited as large particles or in strips; larvae

leaving leaf through semicircular slit on lower surface before puparium formation.

Types. - Holotype 6, \ 6 \ 9 paratypes from larvae 12-14.vii.68 on Mertensia paniculata

(Ait.) in poplar forest at Salcha River crossing of Richardson Highway (64°29'N, 146°54'W),

Alaska, emerged 26.x.-18.xi.68 (forced), leg G. C. D. Griffiths.

Remarks. — This species is doubtless univoltine in nature; emergence of the flies in the late

autumn of 1968 was due to delay in my obtaining outdoor storage facilities. It is so far the

only confirmed North American species in which the posterior larval (and puparial) spiracles

are of the narrow two-horned type. The most similar European species isR myosotica Nowa-

kowski, which differs from P. beringiana most clearly in respect of details of the distal section

of the aedeagus (pigmented lateral angles absent; cylindrical sclerotization turned downwards

basally).

I have two additional North American females with the posterior puparial spiracles as in

P. beringiana. These are larger (wing length 2.25 mm and 2.4 mm) than the female in the type

series of P. beringiana, and I cannot determine whether they are conspecific until they can be

associated with males. Their data are as follows:

1 9 from larva 15-18.vii.72 on Mertensia paniculata (Ait.), near S end Kluane Lake (4000-

4500 feet elevation), Yukon Territory, emerged 7.V.73, leg. G. C. D. Griffiths; 1 9 from larva

18.vii.72 on Myosotis alpestris F. W. Schmidt subsp. asiatica Vestergr., same locality (Slims

Tundra at 4000 feet elevation), emerged 8.V.73, leg. G. C. D. Griffiths.
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3

Fig. 1-4. Phytomyza ovalis n. sp., holotype (5:1, distal section of aedeagus in ventral view; 2, medial lobe of aedeagus in

± posteroventral view; 3, aedeagus in lateral view (BSc basal sclerites, M.Sc sclerites of medial lobe, MPH mesophallus,

PhPH phallophore, PmPH paramesophallus); 4, ejaculatory apodeme.
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Fig. 5-8. Phytomyza petiolaris n. sp., holotype d : 5, distal section of aedeagus in ventral view; 6, medial lobe of aedeagus

in ± posteroventral view; 7, aedeagus in lateral view; 8, ejaculatory apodeme. Fig. 9. Phytomyza mertensiae Sehgal (holotype

d ), medial lobe of aedeagus in ± posteroventral view.

Quaest. Ent, 1975, 11 (2)
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Fig. 10-13. Phytomyza beringiana n. sp., holotype 6 : 10, distal section of aedeagus in ventral view; 11, medial lobe of
aedeagus in ± posteroventral view; 12, aedeagus in lateral view; 13, ejaculatory apodeme.
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Fig. 14. Leaf of Mertensia paniculata (Ait.) with mine ofPhytomyza petiolaris n. sp.

Quaest. Ent, 1975, 11 (2)
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Fig. 15-16. Leaves ofMertensia paniculata (Ait.) with mines of; 15, Phytomyza ovalis n. sp.; 16, Phytomyza beringiana n. sp.

Fig. 17. Phytomyza beringiana n. sp., right posterior spiracle of puparium in caudal view. Fig. 18. Phytomyza ovalis n. sp.

(Lake Teslin, Yukon), right posterior spiracle of puparium in caudal view.
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The subtribe Pericalina is a diverse, moderately divergent tropicopolitan subtribe oflebiine

Carabidae, defined by possession ofone or more pairs of setae ventrally on the head capsule,

elongate labrum, falcate female styli bearing large spines, and asetose ventral grooves of the

mandibles. The Pericalina include Mormolyce Hagenbach, as well as most other genera various-

ly treated as pericalines, coptoderines, catascopines, and thyreopterines.

The 11 New World genera are distinguished in a key, and their characteristics are described

and illustrated. Four groups ofgenera are recognized: “thyreopteroids” — Phloeoxena Chaudoir,

Oreodicastes Maindron, Stenognathus Chaudoir, Ochropisus Bates, and Catascopus Kirby;

“somotrichoids” — Somotrichus and Catascopellus Straneo; “eurycoleoids” — Steno-

glossa Chaudoir, Lelis Chaudoir and Eurycoleus Chaudoir; “pericaloids” — Coptodera Z)e/cu^.

The genus Stenognathus includes three subgenera; Pristolomus Chaudoir, Phloeotherates Bates,

and Stenognathus sensu stricto. Ferns (= Stenognathus) quadricollis Chaudoir, 1869, a junior

secondary homonym o/S. quadricollis Chaudoir, 1843, is renamed Stenognathus chaudoiri.

Described and illustrated is the new species Ochropisus concolor (type locality — MEXICO,
Morelos, 9.1 mi. E. Cuernavaca, 4300'). A key is provided to the species o/ Ochropisus to

the Mexican species of Catascopus.

The genus Phloeoxena Chaudoir includes 16 species, arrayed in three subgenera. Tacana,

new subgenus, includes only P. herculeano, new species, (type locality — MEXICO, Chiapas,

Volcan Tacana, SE slope, 7800', cloud forest). The 11 species of subgenus Phloeoxena ure in

the schwarzi and picta groups, with the seven species of the schwarzi group known only from

the West Indian Greater Antilles, and the four species of the picta group occurring in Middle

America. The following new taxa of the nominotypical subgenus are described and illustrated;

P. megalops erwinorum (type locality COSTA RICA, Puentearenas, 1.5 km. NE Monteverde,

along antenna road, 10°19'N, 84°44'W, 1500-1 700 m); P. nigricollis (type locality MEXICO,
Chiapas, San Quentin, 16°24'N, 8I°20'W, 700'), P. picta batesi (type locality GUATEMALA,
San Geronimo); P. picta franiae (type locality GUATEMALA, Dpto. Huehuetenango, Cuchu-

matanes Mts., 5.6 mi. N. Santa Cruz Barillas, 1280 m); P. picta apicalis (type locality MEXICO,
Oaxaca, 16.9 mi. S. Valle Nacional, 3600'). Phloeoxena graphiptera vur. limbicollis /5

given species status, and Phloeoxena unicolor Chaudoir is treated as a subspecies o/P. picta.

The names P. picta Chaudoir and P. graphiptera Chaudoir are synonymized, with the former

name the senior synonym.

A reconstructed phylogeny o/ Phloeoxena is presented in conjunction with historical zo-

ogeography based on geological history of the circum-Caribbean area, and the known geograph-

ical and ecological ranges of the species. It is proposed that the ancestor o/ Phloeoxena arose

in South America, dispersed northward in early-mid-Tertiary time, to nuclear Central America,

and there differentiated, with various stocks later dispersing to and differentiating in the West

Indies, in Mexico north of the Isthmus of Tehuantepec, and in lower central America.

Les Pericalina, une sous-tribu des lebiini dans la famille des Carabidae, est un groupe diverse,

moderement differencie, et cosmopolite dans les tropiques. Nous definissons cette sous-tribu
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par la possession d’une ou plusieurs pairs de soies ventrales sur la capsule cephalique, un labre

allonge, de larges eperons sur les styles falciformes de la femelle, par Vabsence de soies dans

les sillons ventraux des mandibules. Les Pericalina incluent les Mormolyce Hagenbach, de

meme que divers autres genres trades comme des pericalines, des coptoderines, des catascopines

et des thyreopterines.

Nous separons a Vaide d’une clef les onze genres du nouveau monde, et nous decrivons et

illustrons leurs caracteristiques. Nous reconnaissons quatre groupes de genres: les “thyreopter-

oides” — Phloeoxena C/zflW(ioz>, Oreodicastes Stenognathus C/z<2w<io/r, Ochropisus

Bates, et Catascopus Kirby; les “somotrichoides” — Somotrichus Seidlitz et Catascopellus

Straneo; les “eurycoleoides” — Stenoglossa Chaudoir, Lelis Chaudoir, et Eurycoleus Chaudoir;

les “pericaloides” — Coptodtxd. Dejean. Le genre Stenognathus mc/wc trois sous-genres:

Pristolomus Chaudoir, Phloeotherates et Stenognathus senso stricto. Ferns (= Stenogna-

thus) quadricollis Chaudoir, 1869, un homonyme secondaire recent de S. quadricollis Chaudoir,

1843, est renomme Stenognathus chaudoiri. Nous decrivons et illustrons la nouvelle espece

Ochropisus concolor (localite-typique — MEXICO, Morelos, 9.1 mi. E. Cuernavaca, 4300').

Nous pourvoyons une clefdes especes o? ’Ochropisus et des especes mexicaines de Catascopus.

Le genre Phloeoxena Chaudoir inclue seize especes, distribuees dans trois sous-genres. Tacana,

un nouveau sous-genre, indue seulement une nouvelle espece P. herculeano, (localite typique

— MEXICO, Chiapas, Volcan Tacana, pente du SE, 7800’, foret des nuages). Nous separons

les especes du sous-genre Phloeoxena en deux groupes: schwarzi et picta. Les sept especes du

groupe schwarzi ne se trouvent que dans les Grandes Antilles, et les quatre especes du groupe

picta ne se rencontrent qu’en Amerique moyenne (Amerique centrale et le Mexique). Nous

decrivons et illustrons les nouvelles especes suivantes du sous-genre Phloeoxena: P. megalops

erwinorum (localite typique — COSTA RICA, Puentearenas, 1.5 km. NE Monteverde, le long

de la route de Vantenne, 10°19'N, 84°44'W, 1500-1 700 m); P. mgvico\\is>(localite typique —

MEXICO, Chiapas, San Quentin, 16°24'N, 81°20'W, 700'); V. picta batesi (localite typique —

GUATEMALA, San Geronimo); P. picta franiae (localite typique - GUATEMALA, Depart.

Huehuetenango, montagnes du Cuchumatanes, 5.6 mi. N. Santa Cruz Barillas, 1280 m); P.

picta apica\is,(localite typique — MEXICO, Oaxaca, 16.9 mi. S. Valle Nacional, 3600’). Phloeox-

ena graphiptera var. limbicollis est considere comme espece, et Phloeoxena unicolor Chaudoir

devient une sous-espece de P. picta. Les noms P. picta et P. graphiptera deviennent synonymes,

avec le premier nom comme synonyme ancient.

Nous presentons une phylogenie reconstruite en relation avec une histoire zoogeographique

basee sur Vhistoire geologique de la region des Antilles, et sur nos connaissances de la distribu-

tion geographique et de I’habitat de chaque espece. Nous proposons que Vancetre des Phloeoxena

a evolue en Amerique du sud d’ou il s’est disperse vers le nord, au debut des temps tertiaire

moyen, jusqu’au noyau de VAmerique centrale. La Us se differencierent et produisirent d’autres

souches qui se disperserent et se differencierent dans les Antilles, au Mexique au nord de V

isthme de Tehuantepec, et au sud de VAmerique centrale.
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INTRODUCTION

The montane cloud forests of Middle America^, small in extent and now dwindling rapidly

because of the ravages of land-starved hominid primates, are repositories for remnant lineages

of organisms that arose in teeming forests of the Neotropical lowlands and lower mountain

slopes, and have since been replaced there by later-evolving forms. Understanding of the phylo-

genetic patterns of extant taxa is often made possible by discovery of relict groups, so the

geographical areas where they are likely to occur have a special fascination for evolutionary

biologists. Added to this, the feeling of solitude and inner peace that these misty, verdant

havens engender make them a naturalists’ paradise. So it was that Donald R. Whitehead and

I sought them out during our travels in Mexico in 1965-66.

A clear morning in February, 1966 found us collecting in a small patch of cloud forest on

the northern slopes of a high mountain near Motozintla, Chiapas. The carabid fauna proved

to be magnificently diverse, and the bromeliads yielded an especially rich harvest of specimens

varying in shape, size and color. Of this impressive lot, three specimens stood out: they were

not especially large, and they were dull in color (piceous). At first, we took them to be agonines

of the subgenus Rhadine, even though no members of this group are known to be arboreal,

nor to live so far south in Mexico. Then, noting the truncate elytral apices and pectinate tarsal

claws, we considered that they might be lebiines, but if so, to what genus did they belong? In

the end, we left our question unanswered, to be pursued at some later date.

That date occurred about a year ago, after I had failed to find comparable material on three

trips to museums housing major collections of Middle American Carabidae. In the meantime,

I had decided that these specimens represented a group of lebiines. Further examination showed

that they were near Phloeoxena, and this led to the question of defining this genus. From this

point, it was but a series of short steps to general questions involving lebiine classification, and

especially classification of the group to which Phloeoxena belongs, called by Habu (1967) the

subtribe Pericalina.

This paper provides a general though superficial consideration of pericaline classification,

a more detailed consideration of the New World pericaline genera, and still more detailed treat-

ment of the species of Phloeoxena. To this last-named genus belong the three specimens that

we collected some nine years ago.

MATERIALS AND METHODS

Material. — This paper is based on study of approximately 500 specimens of pericaline lebi-

ines, about 50 per cent of which represent the genus Phloeoxena, 35 per cent represent other

New World pericaline genera, and 15 per cent represent Old World taxa. This last-named group

includes: Thyreop terns Dejean (five species); Pericalus MacLeay (six species); Castelnau

(three species); Lobodontus Chaudoir (two species); Labocephalus Chaudoir (two species);

Eurydera Castelnau (four species); and Catascopus Kirby (10 species). Additionally, one or two

specimens of each of the following genera were checked, to confirm that their external char-

acteristics were those of the Pericalina: Sinurus Chmdoii
;
Peripristus Chaudoir; Stenotelus

Chaudoir; Holcoderus Chaudoir; Minn thodes Chaudoir; Agonochila Chaudoir; Philophloeus

Chaudoir
;
Moctherus Schmidt-Goebel; and Miscelus Klug.

Sources of material are the collections of the following institutions, indicated in the text

by these abbreviations:

1. Mexico and Central America.
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AMNH Department of Entomology, American Museum of Natural History, New York;

BMNH Department of Entomology, British Museum (Natural History), London, England;

MCZ Museum of Comparative Zoology, Harvard University, Cambridge, Massachusetts;

MNHP Entomologie, Museum National d’Histoire Naturelle, Paris, France;

UAIC Department of Entomology, University of Arkansas, Fayetteville, Arkansas;

UASM Strickland Museum, Department of Entomology, University of Alberta, Edmonton,

Alberta, Canada;

USNM Department of Entomology, United States National Museum of Natural History,

Smithsonian Institution, Washington, D. C.

Borrowed type material was returned to the lending institutions. Holotypes and allotypes

of new taxa from material in the Strickland Museum were deposited in the USNM. Paratypes

were distributed to major institutions with important holdings of Neotropical Carabidae.

Methods. - Taxonomic principles, criteria for recognition of species-group taxa and the

general working methods have been explained in previous publications (Ball, 1970 and 1972;

Ball and Negre, 1972), and are not repeated here.

Measurements were used to indicate variation in size and proportions. The following measure-

ments were made, using an ocular micrometer in a Wild M5 Stereoscopic Binocular Microscope,

at a magnification of 25X:

length of labrum — measured along edge, from base to apex;

width of labrum — maximum transverse distance;

length of mentum — greatest length of mental lobe, from base to apex;

width of mentum - maximum transverse distance;

length of head — linear distance from base of left mandible to posterior margin of left com-

pound eye;

width of head — maximum distance dorsally across head, including compound eyes;

length of pronotum — linear distance from anterior to posterior margin, measured along

the mid-line;

width of pronotum at apex — maximum transverse distance between anterior angles;

pronotum, maximum width — greatest linear transverse distance;

width of pronotum at base — maximum transverse distance between posterior angles;

length of elytra — linear distance from basal ridge to apex of longer elytron, measured along

the suture.

These measurements were added or combined in ratios, as follows:

SBL — standardized body length: sum of length of head, pronotum and elytra;

L: 1/w — labrum: length/width;

M: 1/w - mentum: length/width;

Hw/Pwm - width of head/maximum width of pronotum;

Hw/Pl — width of head/length of pronotum;

P: Aw/Bw — Pronotum: width of apex/width of base;

Pl/El — length of pronotum/length of elytra.

Dissections were made using standard techniques. Genitalia and other small structures were

preserved in glycerine in plastic or glass microvials, pinned beneath the specimens from which

the parts were removed.

Microsculpture was studied and photographed using a Cambridge Mark IV “Stereoscan”

Scanning Electron Microscope.
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THE SUBTRIBE PERICALINA

Diagnostic characteristics. - Based on characteristics of adults, the subtribe Pericalina is

here defined as follows: Lebiini; ventral surface of head behind submentum with one or more

pairs of “suborbital” setigerous punctures, each seta about as long as supraorbital setae; labrum

elongate, at least 0.57 as long as wide, longer than clypeus, more or less tapered toward apical

margin (Fig. 64); mandibles without setae in ventral grooves (Fig. 65 C, D); members of most

genera without terebral teeth; labium of most groups with paraglossae longer than ligula, lat-

ter with two or more setae apically (Fig. 2, 6, 8, 10, 13); middle coxae each with three or more

setae on lateral margin; tarsus without bmsh-like dense hairs on ventral side, article 4 simple,

not emarginate or bilobed at apex; each elytron of most members with penultimate puncture

of umbilical series displaced laterally, against marginal groove (Fig. 43 A); ovipositor falcate,

acuminate toward apex, with one spine on inner margin on dorsal side, and two or three spines

on outer margin at ventral side (Fig. 4 C, 11, 33); habitat tree trunks and fallen logs on forest

floor.

The character states of the labium and ovipositor are plesiotypic; the others are apotypic.

This diagnosis includes the Pericali of Lindroth (1968; 1014); Somotrichini (Lebiinae) of

Mateu (1963); Coptoderitae of Hansen (1968); Cymindina in part, Pericalina, and Catascopina

of Habu (1967: 77-1 17); the Catascopi of Jedli^ka (1963: 295-297); the Coptoderitae, Thyre-

opteritae and Pericalitae of Basilewsky (1953: 205-21 1); the Singilini in part (Lebiinae-Lebiidae),

Coptoderitae (Lebiidae), and Thyreopteridae of Jeannel (1949: 922-946, 1006-1039); the

Pericalinae of Bates ( 1 883 and 1 869); the Coptoderides and Thyreopterides of Chaudoir ( 1 869

a and b); and the Pericalides of Lacordaire (1854: 137-149), with a few additions and deletions.

Except for Somotrichus and Mormolyce, the group as here recognized is coincident with the

Catascopi of Csiki (1932: 1352-1385), the explicit opinions of Jeannel and Basilewsky not-

withstanding. (The latter author (1953: 210) included the Thysanotini in the Thyreopterinae,

but I doubt that this is a correct allocation). These authors used characters of doubtful signifi-

cance for grouping genera. These characters were: presence or absence of serrulations of the

tarsal claws (varies between genera whose members are otherwise markedly similar to one

another); basal margin of pronotum beaded (thickened) or not (this feature is individually

various within genera). In marked contrast to these authors, Habu recognized only two sub-

tribes for this complex of genera, isolating in its own subtribe the genus Catascopus. However,

this genus and the other pericalines share the apotypic character states listed above, and are

otherwise distinguishable from one another only by tarsal form (“slender” in Pericalina; “stout”

in Catascopina). He also included Somotrichus in the Cymindina, but the members of this

genus exhibit the apotypic character states of the Pericalina.

The long “suborbital” setae are characteristic of adults of the New Zealand lebiine Actenonyx

bembidioides White. However, the character states of labrum, mandibles, labium, umbilical

series and ovipositor are unlike those of the Pericalina. Hence, the genus Actenonyx is not a

pericaline. (For further information about the gQmx?, Actenonyx, see Britton, 1941.)

Desirable as it would be to propose a detailed classification for the Pericalina, I am unable

to do so at present. The subtribe is probably old as suggested by its Gondwanian distribution,

with more or less extensive endemism on each continent of the Southern Hemisphere. Probably

the best procedure in working out relationships is to compare inter se the genera of each con-

tinent, and then to make inter-continental comparisons. The system outlined below is based

mainly on consideration of New World taxa.

The position ofMormolyce. - This remarkably distinctive Oriental genus, members of which

Jeannel described as possibly the most baroque of any insect species, has been variously located

among the Carabidae. Originally thought to be a pterostichine, it was placed in the Thyreopterides
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by Chaudoir (1869a; 133); in a monobasic tribe by Horn (1881 : 149), (based on, among

other features, a unique organization of the pterothoracic sclerites), near the Odacanthini

and Ctenodactylini; in a subfamily of its own by Bates (1869: 72), and Rousseau (1906: 1),

but they so ranked all of the tribes of Horn; in a subfamily of its own by Csiki (1928: 3), who
recognized only two other subfamilies of Carabidae, Carabinae and Harpalinae. Jeannel (1949:

1010) returned it to the company of the thyreopterines and placed it with several Madagascan

genera having large, broad deplanate members, in the Mormolycini, subfamily Thyreopterinae.

This arrangement was accepted by Basilewsky (1953: 210).

Although Mormolyce is clearly “pericaloid” in the broadest sense, I doubt that it is close

to any other extant genus. The mandibles (Fig. 1 A and B) are so plesiotypic that I believe

the genus belongs at the base of the pericaline stem, as a putative representative of a very

early lineage. I also think that the Madagascan genera whose members are large and broadly

explanate evolved this form independently of Mormolyce. Mandibles, (Fig. 5 and 7) and labia

(Fig. 6 and 8) of two such genera, Labocephalus and Eurydera, are illustrated for comparative

purposes. (See also illustrations of the labium (Fig. 2) and ovipositor sclerites (Fig. 4) of fe-

male Mormolyce, as further evidence of pericaloid affinities.)

Fig. 1-4. Mormolyce phyllodes Hagenbach. - Fig. 1. Mandibles, dorsal aspect; A, left; B, right. - Fig. 2. Labium, ventral aspect.

- Fig. 3. Left elytron, apical portion. - Fig. 4. Ovipositor and associated sclerites: A, tergum VIII, dorsal aspect; B, sternum VIII,

ventral aspect; C, coxite and stylus, ventral aspect.
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Highly apotypic character states of adults in addition to the markedly flattened, explanate

body with broad lateral flanges of the elytra are: elongate head with four pairs of ventral head

setae; elongate flattened appendages; mesepimeron and metepisternum attaining the middle

coxal cavities; recurved tarsal claws; and the absence of secondary sexual differences (Lieftinck

and Wiebes, 1968: 60). An additional structural feature, not previously noted, is the form of

the apex of antennal article 1 1, and its large preapical sensory setae (Fig. 14 A, B). Fig. 15

represents the type of article 1 1 characteristic of all other pericalines and most other carabids.

Another apotypic feature is the reduced upper spur of the front tibia. The larva seems to be

highly distinctive both in structure (with only a single claw per tarsus and mandibles each with

a very large retinacular tooth (Van Emden, 1942: 20)), and in habitat (chambers in large shelf

fungi (Lieftinck and Wiebes, 1968: 66-67)).

Even though this genus possesses the apotypic character states of the Pericalina, should it

be included in this group? In view of its autapotypic features, is it desirable to place Mormolyce

in a group of its own, independent of pericalines, of tribal or even higher rank? Because this

genus is probably the sister group of all other pericalines, cladists would rank it equal to all

the others together. Phenetic-Phyletic classifiers (self-styled “evolutionary” school), would

also follow this course because of the marked evolutionary divergence of Mormolyce. However,

I place this genus in the subtribe Pericalina to emphasize its relationships. I think such emphasis

is much more important than drawing attention to its strikingly unique character states.

THE NEW WORLD PERICALINA

Characteristics shared by all or most New World pericalines are recorded here, and are not

repeated in the generic descriptions.

Microsculpture. Meshes transverse on ventral surface of head, and thoracic and abdominal

sterna.

Head. Two pairs of supraorbital setigerous punctures. Frontal impressions various, in most

groups shallow, indistinct, broad; vertex with shallow transverse impression behind eyes. Com-

pound eyes large, bulged. Antennae of moderate length, extended slightly beyond elytral

humeri; articles 2 and 3 with ring of setae at apices, 3 with few setae preapically; article 4

setose in apical half; articles 5-11, setose throughout length. Clypeus transverse, anterior mar-

gin truncate or slightly concave.

Mouthparts. Labrum various, narrow, in most groups slightly wider than long. Mandibles

generally elongate, trigonal at base, falcate anteriorly, with well developed scrobes baso-later-

ally; ventrally, ventral grooves and pre-molar- molar areas without setae. Left mandible (Fig.

65 A, C): terebral ridge short, tooth absent; cutting edge retinacular ridge, latter long; anterior

retinacular tooth absent, posterior retinacular tooth small; premolar tooth small, premolar

ridge short. Right mandible (Fig. 65 B, D): terebral ridge longer than on left mandible, terebral

tooth absent; anterior retinacular tooth and posterior retinacular ridge well developed, posterior

terebral tooth absent; premolar tooth small, but larger than on left mandible; molar and pre-

molar areas thin, not thickened.

Maxillae elongate, otherwise average for Lebiini (Fig. 66); stipes with one long baso-lateral

seta in most groups (two in Catascopus).

Labium: ligula more or less narrow; paraglossae as long or longer than ligula and adnate to

it basally; palpiger asetose (except Coptodera); penultimate article of labial palpus with two

setae on anterior margin, both near apex in members of most groups.

Prothorax. Pronotum various in shape, dorsal surface deplanate or disc slightly convex;

median longitudinal impression shallow, anterior and posterior lateral impressions more or

less clearly indicated, posterior-lateral impressions basin-like, continuous anteriorly with broad
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Fig. 5-6. Labocephalus longipennis Castelnau, female. Fig. 5. Mandibles, dorsal aspect; A, left; B, right. Fig. 6. Labium,ventral

aspect. Fig. 7-8. Eurydera lugubrina Fairmaire, female. Fig. 7. Mandibles, dorsal aspect: A, left; B, right. Fig. 8. Labium,

ventral aspect. Fig. 9. Pericalus guttatus Chevrolat, female. Mandibles, dorsal aspect: A, left; B, right. Fig. 10-11. Pericalus

ornatus Schmidt-Goebel, female. Fig. 10. Labium, ventral aspect. Fig. 11. Ovipositor, coxite and stylus. Fig. Nycteis

brevicollis Castelnau. Fig. 12. Mandibles, dorsal aspect: A, left; B, right. Fig. 13. Labium, ventral aspect.



Pericaline Lebiini 151

ANTENNAL ARTICLES OF
Mormolyce phyllodes and Labocephalus striatus

Fig. 14-15. Steroscan photographs of articles 10 and 11 of antenna. Fig. 14. Mormolyce phyllodes Hagenbach, female: A,

article 11 terminal portion, lateral aspect; B, terminal portion, ventral aspect. Fig. 15. Labocephalus striatus, female: A,

articles 10 and 11, lateral aspect; B, article 11, terminal portion, lateral aspect; C, article 11, lateral aspect, contrasting central

glabrous area and lateral setose areas; D. article 11, lateral aspect, showing coeloconic sense organ.
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lateral grooves; two pairs of lateral setae (except Oreodicastes and Phloeoxena montana Dar-

lington). Prosternum with apex of intercoxal process not beaded.

Pterothorax. Metepisternum in most groups longer than wide, metasternum medially longer

than middle coxal cavity.

Elytra. Various in shape and proportions, each elytron with shallow lateral depression slight-

ly posterior to humerus, latter in most groups broadly rounded. Scutellar stria evident (except

Oreodicastes). Discal punctures three (in subgenus Tacana, usually more); umbilical series more

or less broadly interrupted medially, of 13-16 setigerous punctures in most groups (more in

subgenus Tacana); penultimate puncture displaced laterally more or less, either in or close to

marginal groove. (Fig. 43 A).

Legs. Average for Lebiini; tibiae with thin spines; tarsal articles dorsally each with pair of

setae near apex; tarsal claws pectinate (in most groups) or not.

Abdomen. Sterna III - VI with pair of ambulatory setae; sternum VII with one or two

pairs near apical margin, latter shallowly notched in males, entire in females.

Male genitalia. Median lobe compressed, basal part small.

Female ovipositor. Tergum VIII pair of lateral apodemes, membranous medially (Fig. 69 A);

sternum VIII as in Fig. 69 B; tergum X as in Fig. 69 C; valvifer as in Fig. 69 D; stylus more or

less falcate, with apical part subequal in length to basal part, and with single spine along inner

margin, two or three spines along outer margin (Fig. 69 E).

Note about mandibles. — Modifications of the general arrangement described above affect

the form, but not the cutting edges. For example, the mandibles are deplanate in members

of Lelis (Fig. 53) and Eurycoleus (Fig. 56), and the scrobes are shallow and indistinct, more

markedly so in the latter genus.

I have not studied in detail the mandibles of other lebiine groups; most of them seem to

have setae in the ventral grooves and differ from pericalines in structure of their cutting edges.

Notes on classification. - Because of a shortage of multiple-character correlations, uncertain-

ties about the pattern of phylogeny and personal lack of detailed knowledge of the Old World

pericaline fauna, I can present here only a few tentative observations.

It is desirable to state the relationships of the New World genera to the Old World pericalines.

One genus, the widespread Somotrichus (including the single species S. unifasciatus Dejean)

is almost certainly introduced from the Old World. Its members share with those of Catascopel-

lus a setulose dorsal surface, dentate mentum, short paraglossae and lobate base of the pro-

notum. Two genera, Coptodera and Catascopus, have counterparts in the Old World tropics

that I regard as respective congeners. I share this view with Habu (1967: 78), and thereby

differ from the views expressed by Jeannel (1949: 924) and Basilewsky (1953: 208). The

remaining genera seem to be without congeneric relatives in the Old World Tropics. They key

either to, or in the vicinity of, the “Coptoderitae”, but they are not closely related to Coptodera.

The genera Phloeoxena, Oreodicastes, Stenognathus and Ochropisus seem to be close to Catascop-

us, sharing with the last-named genus similar mouthparts and not differing in any consistent

combination of distinctive features. However, in body form the members of the New World

endemic genera (except Oreodicastes) tend to be rather flattened, whereas the members of

Catascopus are more slender and robust. In turn, the character states of Catascopus are not

far removed from those of the Old World thyreopterine genera, as the latter group was defined

by Jeannel.

Like members of Coptodera, those of Stenoglossa, Lelis and Eurycoleus lack a mental tooth.

However, unlike members of Coptodera, members of these genera lack also a seta from each

palpiger. I doubt that these endemic New World groups are closely related to Coptodera.

I believe that a smooth (non setulose) dorsal surface, toothed mentum, paraglossae longer

than ligula, glabrous palpigers and smooth tarsal claws are plesiotypic (shared with agonines
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and other more plesiotypci carabids), and judge taxa having these features to be themselves

plesiotypic. Apotypic groups, then, are the ones with setulose dorsal surfaces, edentate menta,

short paraglossae, setigerous palpigers, and pectinate tarsal claws.

Although the features characterizing the New World genera near Catascopus are plesiotypic,

and although it is best not to base taxa on symplesiotypic character states, I am tentatively

grouping them as the “thyreopteroid” genera with their Old World dentate counterparts.

The “somotrichoid” stock, characterized above, includes the genera Somotrichus and Catasco-

pellus. This complex is obviously close to the thyreopteroids, and perhaps it should be included

therein. This complex is discussed more fully under the genus Somotrichus. The edentate

Coptodera is the sole New World representative of the “pericaloid” stock, characterized ad-

ditionally by the setigerous palpigers. (For comparative purposes, illustrations are provided

of mouthparts and ovipositor of Pericalus, and mouthparts of Nycteis, both Old World peri-

caloid genera. See Fig. 9-13. See also Hansen (1968) for an account of the African members

of this complex.) Finally, the genera characterized by a combination of edentate mentum,

asetose palpigers and short paraglossae are placed in a group of their own, the “eurycoleoid”

genera.

Further study is needed of the edentate, non-pericaloid genera to answer two important

questions: 1) are the New World and Old World genera closely related, or was each edentate

geographical group derived independently from the dentate thyreopteroid stock; 2) what are

the relationships of the pericaloids to these other edentate groups? It is important to answer

these questions, as Noonan (1973) and Reichardt (1974) answered similar ones about harpalines

and helluonines, respectively.

In summary, the New World genera and subgenera are arranged as follows:

“Thyreopteroids”

Phloeoxena Chaudoir

Oenaphelox, new subgenus

Tacana, new subgenus

Phloeoxena (sensu stricto)

Oreodicastes Maindron

Stenognathus Chaudoir

Stenognathus (sensu stricto)

Pristolomus Chaudoir

Phloeotherates Bates

Ochropisus Bates

Catascopus Kirby

Catascopus (sensu stricto)

“Somotrichoids”

Somotrichus Seidlitz

Catascopellus Straneo

“Eurycoleoids”

Stenoglossa Chaudoir

Lelis Chaudoir

Eurycoleus Chaudoir

“Pericaloids”

Coptodera Dejean

Coptodera (sensu stricto)

Notes on evolutionary trends. — This is a preliminary attempt to interpret some of the di-

vergence in structure and habits noted within this subtribe. Pericalines presumably represent

or are near to the basal stock of the Lebiini, and developed from “platynoid” (Pterostichini)

Quaest. Ent., 1975, 11 (2)



154 Ball

ancestors. Such ancestors probably were moderately flat, with dark, concolorous integument,

and smooth tarsal claws — that is, similar to extant members of the genus Platynus. They were

probably arboreal, like many extant agonines.

With reference to body form of adults, two major trends are evident. First, is the tendency

for the body to become flattened and explanate. Probably this is associated with life beneath

fairly tight-fitting bark, or in crevices on logs. Second, is the tendency to evolve a form re-

minding of tiger beetles, and called here “cicindeloid”. The first trend reaches its apogee in

Mormolyce, but various lines of thyreopteroids exhibit it, as does the eurycoleoid stock. The

cicindeloid trend is seen in Pericalus among the pericaloids, and in Catascopus among the

thyreopteroids. Adults of many of these species are diurnal and evidently do their hunting

on tree trunks (Darlington, 1968: 102), as do various stocks of arboreal tiger beetles.

Other structural trends seem to involve development of pectinate tarsi, loss of the mental

tooth and reduction of the mental lobes. Each of these has probably occurred several times.

Transverse microsculpture has probably evolved many times from the plesiotypic isodiametric

pattern, and the scaled type has developed several times in various groups of Phloeoxena (see

Fig. 1 14, and discussion of elytral microsculpture under “Evolutionary considerations”)- The

median lobe of the male genitalia underwent torsion several times so that the apical orifice

is ventral in position rather than dorsal. (I follow Jeannel (1949) in terming the plesiotypic

condition (without torsion) “anopic”, and the apotypic condition (with torsion) “catopic”).

Color and pattern are generally associated with mode of life: bright metalhc colors char-

acterize diurnal cicindeloid pericalines (as well as sone of the nocturnal ones); somber colors,

such as black, shades of brown and of dull yellow characterize groups whose adults lead a

more concealed existence. Generally, the pattern of a bi-colored dorsum is such as to suggest

disruptive concealing coloration, but at least some members of Eurycoleus mimic beetles of

the family Erotylidae (Erwin, pers. comm.), and the blue and red color pattern of members of

Lelis suggest mimicry of similarly colored adults of Lebia. So, evolution of color seems to be three-

directional: 1) development of bright metallic color; 2) retention of dark color, but develop-

ment of a disruptive pattern (see Fig. 16, 44 and 47); and 3) development of mimicry. Pos-

sibly, these trends have been reversed in various lines, with a reversion to the concolorous

condition (see Fig. 1 1 5).

Eittle is known about food habits. The mouthparts suggest carnivory, and Erwin (pers. comm.)

demonstrated that Eurycoleus preys on fungivorous endomychids. Earvae and adults of Mormo-

lyce seem to have an even more intimate association with fungi, but the relationship has not

been studied in detail: do they eat the fungus, or do they feed on fungivorous insects? Members

of Stenognathus are also associated with fungi (Bates, 1869: 80). Habu (1967: 75) notes that

individuals of Somotrichus unifasciatus Dejean prey on adults and larvae of Tribolium castaneum

Herbst. Probably the ancestors of the Pericalina were generalized carnivores, and various lines

acquired more specialized feeding habits.

Although the flattened body form is adaptive for life beneath bark of trees, it is also adaptive

for life in other types of confined spaces. Thus, it is not surprising that some pericalines live on

the ground, among leaf litter in forests (Darlington, 1968: 1 12). In the New World, some

pericalines residing in cloud forests are found on the ground, as are individuals of some species

of Coptodera, at lower elevations.

The somotrichoids seem to have diverged significantly from other pericalines in way of

life, and have entered a new adaptive zone. For instance, members of Somotrichus unifasciatus

Dejean survive long voyages in stored products, and as a result the species has become wide-

spread (Habu, 1967: 75. Darlington, 1968: 83). Members of the species Oecornis nidicola

Britton, 1 940 are known only from the nests of hornbills of the species Bycanistes cristatus

Riippel, and members of Paulianites nidicola Jeannel, 1949 inhabit the nests of weaver-birds
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of the species Foudia sakalava. Other somotrichoids are found in more prosaic places, such

as the vicinity of swamps in decaying vegetation — atypical for pericalines, as a whole.

The African somotrichoids have converged in size, color and body vestiture with the African

lichnasthenines and singilines (Mateu, 1963).

Key to New World Genera and Subgenera of Subtribe Pericalina

1 Mentum with median tooth 2

r Mentum without median tooth (Fig. 60) 13

2 ( 1 ) Dorsal surface of body setulose; pronotum with posterior margin lobate 3

2’ Dorsal surface glabrous (with few long tactile setae, only); pronotum with posterior

margin truncate 4

3 (2) Color dark, elytra concolorous; eyes reduced, head with prominent temporal lobes;

tarsal claws smooth Catascopellus Straneo, p. 171

3’ Color pale, elytra bicolored (Fig. 43 E); eyes bulged, large, head without prominent

temporal lobes; tarsal claws pectinate Somo trichus ^Q\d\itz, p. 169

4 (2’) Hind tibia with dorsal (outer) surface longitudinally canaliculate (one groove ex-

tended length of tibia) 5

4’ Hind tibia with dorsal surface rounded, smooth or longitudinally strigulose (numer-

ous short irregularly spaced grooves and ridges), or keeled, but not canaliculate . .

6

5 (4) Tarsal claws smooth, not pectinate; dorsum metallic green

CatascopusYAxhy,p. 166

5’ Tarsal claws pectinate, dorsum uniformly piceous or bicolored, not metallic ....

Ochropisus Bates, p. 163

6 (4’) Elytron with microsculpture meshes approximately isodiametric, or longitudinal

and parallel to long axis of body; surface dull (most specimens), or shining (few

specimens) ..... Phloeoxena Chaudoir 8

6’ Elytron with microsculpture meshes transverse, surface shining 7

7 (6’) Pronotum with hind angles broadly rounded (Fig. 20), without lateral setae ....

Oreodicastes Maindron, p. 156

T Pronotum with hind angles obtuse or rectangular, not broadly rounded (Fig. 21-23),

with two pairs lateral setae Stenognathus Chaudoir 11

8 (6) Elytron with humerus diagonally sloped (Fig. 18), umbilical punctures about 20,

in more or less continuous row; discal punctures 3 to 9

new subgenus, p. 182

8’ Elytron with humerus broadly rounded, (Fig. 16, 17, 19), umbilical series 9 to 15

punctures, with more or less wide diastema medially; discal punctures 2 or 3 . . 9

9 (8’) Specimen from locality in West Indies . . . subgenus Phloeoxena (in part), p. 156
9’ Specimen from mainland locality 10

10 (9’) Elytra with microsculpture meshes broad, adjacent ones in contact at margins,

without linearly arranged narrow, high keels (Fig. 102, 104)

Oenaphelox, new subgenus, p. 205

10’ Elytron with microsculpture meshes narrow, high keels, linearly arranged (Fig. 85)

subgenus Phloeoxena (in part), p. 184

11 (7’) Tarsal claws pectinate; dorsal surface of hind tibia smooth

subgenus Phloeotherates^2ites,p. 162

1 r Tarsal claws smooth, not pectinate; dorsal surface of hind tibia longitudinally

strigulose 12

1 2(1 1’) Elytron with lateral margin smooth, preapical angle rounded, not toothed (Fig. 21)

subgenus Stenognathus (sensu stricto), p. 161
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1
2’ Elytron with lateral margin serrate, preapical angle toothed (Fig. 22)

subgenus Fm/^o/omw5 Chaudoir, p. 162

13 (T) Mentum with lateral lobes pointed or narrowly rounded apically (Fig. 49 B and

60, M: 1/w ca. 0.40 or more); mandibles slender, not explanate basally 14

13’ Mentum with lateral lobes subtruncate apically (Fig. 54 and 57, M: 1/w ca. 0.35 or

less); mandibles moderately to strongly explanate basally (Fig. 53 and 56) ... 15

14(13) Pronotum approximately truncate basally, not lobed (Fig. 47); hind tibia with dor-

sal surface keeled; palpiger of labium with seta ventrally (Fig. 60); sternum VII of

abdomen narrowly notched apically Dejean, p. 176

14’ Pronotum with base lobed medially
;
hind tibia with dorsal surface rounded, not

keeled; palpiger of labium glabrous; sternum VII of abdomen notched

Stenoglossa Chaudoir, p. 172

1 5( 1 3’) Body very broad; pronotum and elytra broadly explanate; mandibles broadly ex-

planate; ligula with four or five setae; paraglossae setose laterally

Chaudoir, p. 175

15’ Body narrower, mandibles, pronotum and elytra not broadly explanate laterally;

ligula with two setae; paraglossae glabrous Lefc Chaudoir, p. 174

“Thyreopteroids”

Within this group, Phloeoxena stands apart because of the distinctive microsculpture of its

members: isodiametric plesiotypically, meshes keeled and arranged in longitudinal rows in

the more apotypic forms. Probably this is the most plesiotypic genus in the New World. In

the Old World, a number of thyreopterine genera such as Thyreoptems, Eurydera and

Labocephalus exhibit isodiametric microsculpture on the elytra. The genera Oreodicastes,

Stenognathus, Ochropisus and Catascopus share many character states, although it is doubtful

if Catascopus is closely related to the other three.

Phloeoxena Chaudoir

In addition to the characteristics presented in the key, the members of this genus are recog-

nized by a combination of: pronotum subcordate; mentum with lateral lobes acute apically;

male with single pair of setae on abdominal sternum VII. Adults of this genus are illustrated

in Fig. 16-19.

The group whose members most closely resemble those of Phloeoxena is Ochropisus. They

share the following characteristics: mental tooth present; mental lobes acute at apex; and

male with single pair of setae on abdominal sternum VII. In addition, males of the subgenera

Tacana and Oenaphelox share with those of Ochropisus absence of modifications of the front

femora, and the specimens of Tacana are glabrous ventrally, like those of Ochropisus. However,

it is not clear which, if any, of these shared characteristics are apotypic. Consequently, a close

relationship between these two genera has not been demonstrated.

For details, see the following section, pages 178-238.

Oreodicastes Maindron

Oxyglossus Chaudoir, 1843: 424 (NOT Swainson, 1827; NOT Tschudi, 1838). — Lacordaire,

1854: 258. - Chaudoir, 1869a: 1 14. - Maindron, 1905: 95. - Csiki, 1932: 766. TYPE
SPECIES (by monotypy) . — Oxyglossus subcyaneus Chaudoir, 1843: 424.

Oreodicastes Maindron, 1905: 95. — 1906: 195. — Csiki, 1932: 766 and 1352. - Blackwelder,
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Fig. 16-19. Photographs of dorsal aspect of representative New World pericahnes. Fig. 16. Phloeoxem fOenaphelox) undata

Chaudoir: Length 7.3 mm. Fig. 17. Phloeoxena (Oemphelox) geniculata Chaudoir: Length, 6.3 mm. Fig. 18. Phloeoxena

(Tacana) herculeano, new species: Length, 13.4 mm. Fig. 19. Phloeoxena (sensu stricto) picta unicolor Chaudoir: Length

10.0 mm. NOTE: “Length” includes mandibles, head, from mandibular articulation to behind compound eye; length of

pronotum along mid-line, and length of longer elytron from basal groove to apex, measured in straight Une.
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Fig. 20-25. Photographs of dorsal aspect of representative New World pericalines. Fig. 20. Oreodicastes subcyaneus Chaudoir:

Length 14.1 mm. Fig. 21. Stenognathus (sensu stricto) quadricollis Chaudoir; Length, 19.1 mm. Fig. 22. S. (Pristolomus)

dentifer Chaudoir; Length, 18.3 ;nm. Fig. 23. S. (Phloeotherates) chaudoiri, new name; Length, 14.6 mm. Fig. 24. Ochropisus

concolor, new species; Length 7.1 mm. Fig. 25. Catascopus chontalensis Bates; Length 15.3 mm. NOTE; Measurements

summed to give “Length” are indicated in the captions of Fig. 16-19.
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1944: 41.

Note on nomenclature. — Maindron (1905) pointed out that Oxyglossus Chaudoir was a

junior homonym of Oxyglossus Swainson, and proposed as replacement Oreodicastes, which

takes the same type species as that of Oxyglossus Chaudoir.

Recognition. — An additional characteristic for recognition of this group is the tarsal claws

with pectination confined to the basal areas.

The dark coloration of the dorsal surface and transverse microsculpture of the elytra with

very wide meshes, form of the mentum, ligula and paraglossae (Fig. 26 cf. Fig. 29 and 34)

suggest close relationship with Stenognathus.

Description. — Form agonoid (Fig. 20), moderately convex, not depressed. Size moderate

(standardized body length ca. 10 mm).

Color. Black, antennae, palpi and tarsi rufous.

Microsculpture. Head, dorsum, meshes isodiametric. Pronotum, meshes transverse. Ptero-

pleura, meshes isodiametric; pterosterna, meshes isodiametric laterally, transverse medially.

Elytra, meshes transverse.

Luster. Generally shining, areas with transverse or longitudinal microsculpture meshes,

iridescent.

Head. Eyes, smaller than average for Pericalina (Fig. 20).

Mouthparts. Generally as described for Pericalina. Labium (Fig. 26): mentum toothed, lobes

moderately long (M: 1/w 0.44), narrowly truncate apically; ligula narrowed apically, quadri-

setose, middle pair of setae longer than lateral ones; paraglossae subequal in length to ligula,

asetose.

Prothorax. Pronotum as in Fig. 27, width greater than 0.66 width elytra at humeri; convex

medially, transverse; anterior margin moderately concave, basal margin subtruncate; anterior

angles prominent, narrowly rounded; posterior angles broadly rounded; sides reflexed, mar-

gins beaded; surface smooth; asetose. Prosternum asetose.

Pterothorax. Metepistemum subquadrate, anterior and lateral margin subequal in length;

metasternum and middle coxal cavity subequal in length. Pterosterna asetose.

Elytra. Humeri broadly rounded, sides rounded, slightly explanate, narrowly re flexed;

apical margin oblique, agonine-like, markedly sinuate, apex acute. Scutellar stria obsolete.

Striae 1-8 deep. Intervals convex.

Hind wings. Short stubs.

Legs. Not especially slender or long, hind tarsus clearly shorter than hind tibia. Anterior

femur of male without patch of setae ventrally. Middle and hind tibiae with dorsal surfaces

rounded, smooth. Hind basitarsus not elongate, less than twice length of article 2. Tarsal claws

each with about five pectinations, row short, confined to basal half.

Abdomen. Sterna glabrous, except ambulatory setae. Both sexes with four apical setae.

Male genitalia. Median lobe as in Fig. 28 A and B, anopic, apical orifice inclined to left,

apical portion narrow, triangular, small. Internal sac with apical ring sclerite.

Ovipositor. Average for Pericalina.

Notes. — This genus includes two species, known only from Brazil. Originally described

as an “anchomenide”, Chaudoir later transferred it to the thyreopterides. Maindron returned

it to the agonines, followed by Blackwelder, but Csiki treated Oreodicastes as a lebiine, in-

cluding in that group the Thyreopterides of Chaudoir.

Stenognathus Chaudoir

Literature citations and synonymical notes are provided below, in conjunction with treat-

ment of each subgenus.
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Fig. 26-28. Oreodicastes subcyaneus Chaudoir. Fig. 26. Labium, ventral aspect. Fig. 27, pronotum, dorsal aspect. Fig. 28.

male genitalia, median lobe: A, left lateral aspect; B, apical portion, ventral aspect. Fig. 29-31. Stenognathus (sensu stricto)

quadricollis Chaudoir. Fig. 29. Labium, ventral aspect. Fig. 30. left femur and tibia, anterior aspect. Fig. 31. A, pronotum,

left half; B, left elytron, dorsal aspect.
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Additional characteristics for recognition of this genus are: size moderate; elytral micro-

sculpture transverse, with very long meshes; mentum with lateral lobes more or less broadly

rounded; disc of pronotum strigulose; elytra with striae impunctate, and intervals moderately

convex; and males with more or less densely setose femora, ventrally.

The members of this genus most closely resemble those of Ochropisus, and the two are

probably closely related.

The three groups included as subgenera of Stenognathus were described by Chaudoir as

distinct genera. However, their differences are so outweighed by their similarities it is clear

that they are very closely related.

Description. - Form rather broad (Fig. 21-23), deplanate or moderately convex. Size

moderate. (Standardized body length 9.5-12.5 mm).

Color. Generally black to piceous; antennae, palpi and legs rufopiceous.

Microsculpture. Head, dorsum, meshes isodiametric, or lines very fine, meshes not formed;

venter, lines fine, meshes transverse or isodiametric. Pronotum, meshes transverse. Pteropleura

and pterosterna, meshes isodiametric or transverse. Elytra, meshes transverse.

Luster. Generally shining; pronotum iridescent, elytra not so; ventral surface, generally iri-

descent.

Head. Eyes, average for Pericalina.

Mouthparts. Generally, as described for subtribe. Labium (Fig. 29, 34): mentum toothed,

lobes long (M: 1/w 0.41-0.45), broadly rounded apically; ligula quadrisetose, broad or narrow

apically; paraglossae distinctly longer than ligula, asetose, narrowed or not apically.

Prothorax. Pronotum as in Fig. 21-23, 31, decidedly narrower than elytra at humeri; surface

distinctly transversely strigulose; slightly convex medially; anterior margin moderately con-

cave, basal margin truncate; lateral margins sinuate basally; anterior angles narrowly rounded;

posterior angles slightly obtuse or rectangular; sides slightly reflexed, margins not beaded;

lateral setae, anterior pair inserted submarginally, posterior pair inserted on margins. Prosternum

setose apically, more so in males than in females.

Pterothorax. Metepisternum longer than wide, metasternum longer than middle coxal

cavity. Metasternum and antecoxal piece setose, more so in males than in females.

Elytra. Humeri broadly rounded; sides slightly rounded, lateral margins slightly explanate,

not reflexed, serrulate or not; apical margin subtruncate, markedly sinuate, preapical angle

toothed or not; apical angle narrowly rounded or toothed. Striae well developed. Intervals

more or less convex.

Hind wings. Normal, evidently functional for flight.

Legs. Not especially slender or long, hind tarsus clearly shorter than hind tibia. Middle and

hind coxae and trochanters more or less densely setose in males, or sparsely setose in females;

femora with numerous extra setae in males, few in females. Middle and hind tibiae with dor-

sal surfaces rounded, not canaliculate, smooth or strigulose. Hind basitarsus not elongate, less

than twice length of article 2. Tarsal articles slightly depressed, each with pair of setae dorso-

apically; hind basitarsus with few additional setae dorsally. Tarsal claws pectinate or not.

Abdomen. Sterna III, IV and V medially more or less densely setose in males, sparsely set-

ose in females. Sternum VII with apical setae four in both sexes.

Male genitalia. As in Fig. 32, 35 and 37: anopic, apical orifice moderate to small, inclined

on left side; internal sac with apical ring sclerite.

Ovipositor. Fig. 33 and 36: as described for Pericalina.

Subgenus Stenognathus (sensu stricto)

Stenognathus Chaudoir, 1843: 431. - Lacordaire, 1854: 358. - Chaudoir, 1869a: 115. —

Quaest. Ent, 1975, 11 (2)



162 Ball

Bates, 1883; 175. - Csiki, 1932; 1352. - Blackwelder, 1944; 57. TYPE SPECIES (by

monotypy). — Anchomenus melanarius Dejean, 1831 ; 718.

Distinguishing features are presented in the key.

Description. - Form as in Fig. 21. Labium as in Fig. 29. Pronotum as in Fig. 31. Left femur

and tibia, as in Fig. 30. Distinctive features are; head, dorsum, shining, meshes not formed by

lines of microsculpture; width of pronotum about 0.66 width of elytral humeri; elytron with

lateral margin smooth, not serrulate, without tooth at preapical angle, apical angle with tooth;

tarsal claws smooth, not pectinate; middle and hind tibiae with dorsal surfaces strigulose; males

with middle and hind coxae, trochanters and femora ventrally, densely setose; sterna III, IV,

V and VI setose; median lobe less curved than in Phloeotherates, apical orifice smaller, apical

portion larger (Fig. 32 A and B; cf. Fig. 37 A and B). Ovipositor, coxite and stylus as in Fig.

33.

Notes. - This subgenus includes nine species, whose aggregate range extends from northern

South America to southeastern Mexico. One of the two Middle American species {S. quadricollis

Chaud.) ranges from Panama to southeastern Mexico.

Subgenus Pristolomus Chaudoir

Pristolomus Chaudoir, 1869a; 128. — Csiki, 1932; 1355. — Blackwelder, 1944; 57. TYPE

SPECIES (by monotypy). — Pristolomus dentifer Chaudoir, 1869a; 128.

Description. — Form as in Fig. 22. Labium as in Fig. 34. Distinctive features are; head,

dorsum, dull, meshes of microsculpture distinct, isodiametric; elytron with lateral margin

serrulate, preapical and apical angles dentate; tarsal claws not pectinate; middle and hind

tibiae with dorsal surfaces strigulose; middle and hind coxae and trochanters, front, middle

and hind femora ventrally, densely setose; abdominal sterna III and IV sparsely setose; median

lobe almost straight, apical orifice small, apical portion in ventral aspect narrower than in

Stenognathus (Fig. 35 A and B). Ovipositor, coxite and stylus as in Fig. 36.

Notes. — The single included species, Stenognathus dentifer Chaudoir, is known only from

Colombia.

Subgenus Phloeotherates Bates

Phloeotherates Bsites, 1869; 71, 79. — 1870; xvii. — 1883; 175-176. — Maindron, 1906; 195-

202. - Csiki, 1932; 1353. - Blackwelder, 1944; 57. - TYPE SPECIES (by monotypy).

— Phloeotherates nigropiceus Bates, 1869; 80.

Ferns Chaudoir, 1869a; 119. - Bates, 1870; xvi. — Csiki, 1932; 1353. — Blackwelder, 1944;

57. TYPE SPECIES (here designated). — Ferus quadricollis Chaudoir, 1869; 1 19. (= Steno-

gnathus chaudoiri new name).

Notes on nomenclature. — The names Phloeotherates and Ferus were proposed in the same

year for the same genus. Bates and those who followed him chose to use the former name,

and I accept this. Because this group is here combined with Stenognathus, the name Phloeo-

therates quadricollis Chaudoir, 1 869 becomes a junior subjective homonym of Stenognathus

quadricollis Chaudoir, 1843. To replace the former, I choose here Stenognathus chaudoiri,

new name.

Description. — Form as in Fig. 23. Distinctive features are; head, dorsum shining, meshes

not formed by lines of microsculpture; pronotum more than 0.66 width of humeri; elytra

with lateral margins smooth, without tooth at preapical angle, apical angle broadly rounded;

tarsal claws pectinate; middle and hind tibiae with dorsal surfaces smooth, not strigulose; males

with middle and hind coxae and trochanters sparsely setose, middle femur with numerous setae
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ventrally; abdominal sterna III, IV, V and VI moderately densely setose; median lobe markedly

curved, short, apical portion very short, and apical orifice large (Fig. 37 A, B and C).

Notes. — Maindron (1906) provides a key to the six species of this subgenus, whose range

extends from northern South America to southeastern Mexico. The range of the single species

entering Mexico, S. chaudoiri, extends southward to Panama. Adults of this species have been

collected from under bark of logs, in the company of adults of several species of Coptodera,

in tropical rnontane forest, at an elevation of about 3500 feet above sea level.

Ochropisus Bates

Ochropisus Bates, 1883: 176. - Csiki, 1932: 1353. - Blackwelder, 1944: 57. - TYPE SPECIES

(here designated). — Ochropisus caudalis Bates, 1883: 176.

Characteristics for recognition additional to the ones presented in the key are: small size;

mentum with lobes acute at apex; pronotum transverse, with base and apex subequal, and

base sublobate; lateral grooves irregularly and coarsely punctate; male with single pair of

setae on abdominal sternum VII and median lobe catopic.

In size and in possession of a basal lobe on the pronotum, members of this group are most

like those of Stenoglossa Chaudoir, but the two are easily separated by the characters presented

in the key. Probably Ochropisus is most closely related to Stenognathus, possibly to the sub-

genus Phloeotherates.

Description. — Porm as in Pig. 24, rather broad. Size small (standardized body length ca.

3. 5-5.0 mm).

Color. Body rufopiceous, elytra uniform rufopiceous, or bicolored with apices flavous.

Antennae, mandibles, palpi and legs rufoflavous.

Microsculpture. Head, dorsum, meshes isodiametric. Pronotum and prosternum, meshes

transverse; propleura, meshes longitudinal. Elytra, meshes transverse.

Luster. Dorsal surface shining, elytra faintly iridescent or not; ventral surface shining, ab-

dominal sterna and proepisterna faintly iridescent.

Head. Ventral surface without transverse depression behind eyes, latter smaller and flatter

than average-

Mouthparts. Generally as described for subtribe. Labium (Pig. 38 A and B): mentum toothed,

lateral lobes acute apically, long (M: 1/w 0.42); ligula narrowed apically, quadrisetose; para-

glossae glabrous, subequal in length to ligula.

Prothorax. Pronotum as in Pig. 24, width more than 0.66 width of elytra at humeri; slightly

convex, surface transversely strigulose, lines very fine; anterior margin shallowly concave, pos-

terior margin slightly lobed medially, laterally sloped obliquely forward; anterior angles broad-

ly rounded; posterior angles rectangular; sides slightly reflexed, not beaded slightly sinuate or

not, posteriorly; setae inserted on lateral margins. Prosternum glabrous.

Pterothorax. Metepisternum longer than wide. Metastemum medially longer than middle

coxal cavity, glabrous.

Elytra. Humeri broadly rounded, sides subparallel, very slightly reflexed, not explanate,

apical margins subtruncate, feebly sinuate; apical angles about rectangular, preapical angles

broadly rounded. Striae punctate, shallow but distinctly impressed. Intervals almost flat.

Hind wings. Normal, evidently functional as flight organs.

Legs. Moderately long, hind tarsus subequal in length to hind tibia. Femora without extra

setae, middle and hind tibiae each with dorsal surfaces longitudinally canaliculate. Hind basi-

tarsus less than twice length of article 2. Tarsal articles dorsally each with single pair of setae

near apex. Tarsal claws each with pectinations beyond middle.

Abdomen. Sternum VII with apical setae two in male, four in female.
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Fig. 32-33. Stenognathus (sensu stricto) quadricollis Chaudoix. Fig. 32. male genitalia: A, left lateral aspect; B, apical portion,

ventral aspect; basal portion, ventral aspect. Fig. 33. ovipositor, coxite and stylus, ventral aspect. Fig. 34-36. Stenognathus

(Pristolomus) dentifer Chaudoir. Fig. 34. labium, ventral aspect. Fig. 35. male genitalia: A, median lobe, left lateral aspect;

B, median lobe, apical portion, ventral aspect. Fig. 36. ovipositor: coxite and stylus. Fig. 37. Stenognathus (Phloeotherates)

chaudoiri, new name. Fig. 37. male genitalia, median lobe: A, left lateral aspect; B, right lateral aspect, internal sac everted;

C, apical portion, ventral aspect; D, basal portion, ventral aspect.
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Male genitalia. As in Fig. 39 A-B. Median lobe catopic; apical orifice small, left-ventral in

position.

Ovipositor. Average for Pericalina (Fig. 40, coxite and stylus).

Notes. — The range of this genus extends in Middle America from Panama to central Mexico.

Three species are included, one of which is described as new. Adults are distinguished from one

another in the following key.

Key to Species of Ochropisus Bates

1 Elytron bicolored, with flavous apical fascia and pale rufous humeral spot; intervals

flat; standardized body length various; known range, south of Mexico 2

r Elytron concolorous; intervals feebly convex; standardized body length larger, about

4.5 mm, or more Ochropisus concolor, new species, p. 165

2 Standardized body length greater than 4.5 mm Ochropisus caudalis Bates

2’ Standardized body length less than 4.5 mm Ochropisus bembidioides Bates

Ochropisus concolor, new species

The diagnostic combination of characteristics is indicated in the preceding key.

Description. — Form as in Fig. 24. Data on variation in the following measurements and

ratios are presented in Table 1 : standardized body length; Hw/Pwm; Hw/Pl
;
P; Aw/Bw; P: 1/w.

Table 1. Data on Variation in Selected Measurements and Ratios within a Population Sample

of Ochropisus concolor. New Species, from the Vicinity of Cuernavaca, Mexico.

Character Males

N = 7

Range Mean

Females

N= 5

Range Mean

SBL (mm) 4.40 -5.00 4.820 4.62 -4.90 4.770

Hw/Pwm 0.771 -0.810 0.794 0.770-0.810 0.793

P: 1/w 0.680- 0.755 0.718 0.700-0.760 0.728

P: Aw/Bw 0.750- 0.800 0.774 0.750-0.800 0.778

Color. Dorsal surface rufopiceous, head and disc of pronotum slightly darker than lateral

margins of pronotum and elytra, latter with epipleura and lateral margins flavous.

Pronotum with sides faintly but distinctly sinuate in front of hind angles.

Elytra with striae distinctly punctate; intervals more convex, and in basal half sparsely but

more distinctly punctulate than in adults of other species of Ochropisus.

Male genitalia, median lobe as in Fig. 39 A-B.

Type material. — HOLOTYPE male and ALLOTYPE female labelled: MEX. Morelos, 9.1

mi. e. Cuernavaca, 4300', Canon de Lobos, XI. 25. 65, George E. Ball and D. R. Whitehead.

PARATYPES, six males, four females; four males, one female labelled like holotype; two

males, three females labelled MEX. Morelos, 7 kil. e. Cuernavaca, 5800', August 1 1, 1962,

H. E. Evans Exp., George E. Ball.

Disposition of type material — The holotype and allotype are in USNM. Paratypes are in:

BMNH, CAS, CNC, IPNM, MCZ, MNHP, UASM.
Derivation of the specific epithet. — Latin, meaning same color; in allusion to the approxi-

mately uniform color of the elytra.

Notes on habitat. — The beetles were taken from trees by beating leaves and branches which
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were either partly or wholly dead. The forest located 7 kil. east of Cuernavaca was the Balsas

drainage thorn forest, a dry tropical semi-deciduous forest, growing on an old lava field, or

pedregal. It was difficult to move around, both because of the dense spiny vegetation and the

very uneven surface of the ground.

Canon de Lobos is a narrow steep-sided ravine with water in the bottom during the rainy

season. The soil is clay, on limestone rock, and becomes very dry. The trees form a rather open

canopy, and many of the lower branches are within easy reach of a person standing on the

ground. This was one of the few places in Mexico that we were able to obtain a quantity of

beetles by scaling off loose bark with knives.

In addition to specimens of this species, we also obtained under bark in the same area adults

of Phloeoxena (Oenaphelox) geniculata Chaudoir.

Catascopus Kirby

Catascopus Kirby, 1825: 94. — Dejean, 1825: 328. — Lacordaire, 1845: 145. — Bates, 1869:

72. - Chaudoir, 1869a: 158. - Bates, 1883: 178. — Csiki, 1932: 1362. - Blackwelder, 1944:

57. - Jeannel, 1949: 1007. - Habu, 1967: 77. - Darlington, 1968: 101. - 1971: 194. -

Reichardt, 1972: 238. TYPE SPECIES. — Catascopus hardwickii Kirby, 1825.

Subgenus Catascopus (sensu latissime)

Additional characteristics for recognizing New World members are: mentum with blunt

tooth; ligula with outer pair of setae longer than inner pair; pronotum with both pairs of

setae marginal; elytra with striae shallow, punctate; and males with oval patch of setae baso-

ventrally, on front femora.

The following additional features distinguish these species from their Old World counterparts:

left mandible without terebral tooth; submentum quadrisetose; elytron with all intervals flat,

not carinate, preapical and apical angles not spined, umbilicate series with penultimate punc-

ture clearly not aligned with the ante-penultimate and ultimate punctures; and male with ven-

tral surface not densely hairy.

The characteristics of this group are most like those of Stenognathus, but most of the simi-

larities may be symplesiotypic, so relationships are uncertain. Features shared by members of

Stenognathus and the Old World members of Catascopus are: strigulose dorsal surfaces of the

middle and hind tibiae; and males with ventral surface more setulose than females.

With members of Ochropisus the New World members of Catascopus share shallow, punctate

elytral striae and canaliculate tibiae. However, the two groups differ in many characteristics,

so it is unlikely that these similarities are of much significance as indicators of relationship.

Notes on classification. — Habu (1967: 78) began the process of classifying the species of

Catascopus when he erected the m’onotypic subgenus Catascopidius. That, however, was not

much of a contribution for it left behind a vast paraphyletic assemblage in the nominotypical

subgenus. According to Basilewsky (1953: 208) the New World species currently assigned to

this genus should be placed in a genus of their own. I agree that they form a distinct group,

based on the combination of characteristics listed above. Cursory examination of a limited

sample of Old World material (ten species, including the type species, from Africa, India, Java,

Borneo, the Philippines and New Guinea) satisfies me that this group is sufficiently divergent

to encompass the New World species, and that both groups share enough apotypic character

states to indicate close relationship. Therefore, I am not inclined to separate these two geo-

graphical groups at the generic level. Nor am I inclined to follow Habu’s example and erect a

separate subgenus for the New World species. That should be done, I think, in the course of
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Fig. 38-40. Ochropisus concolor, new species. Fig. 38, Labium, ventral aspect: A, Ligula, paraglossae, and palpi; B, Mentum.

Fig. 39. Male genitalia, median lobe: A, left lateral aspect; B, ventral aspect. Fig. 40. Ovipositor, tergum X, valvifer, coxite

and stylus. Fig. 41-43. Catascopus. Fig. 41. Labium, ventral aspect. Fig. 42. Male genitalia: A, median lobe, left lateral aspect;

B, median lobe, ventral aspect; C, left paramere; D, right paramere. Fig. 43A. Left elytron. Fig. 43B. Tergum VIII. Fig. 43C.

Ovipositor: coxite and stylus. (Fig. 43A, of C. validus Chaudoir; others, of C. chontalensis Bates).
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a study of classification of the entire genus - a task which would be delightful and challenging.

My opinion is that the New World group of species is the plesiotypic sister group of the much

more diverse and divergent complex of species inhabiting the Old World.

Description (American species). - Form moderately slender (Fig. 25), size moderate (stand-

ardized body length ca. 10 mm).

Color. Dorsum metallic green. Ventral surface and appendages piceous to rufopiceous.

Microsculpture. Head, dorsum, lines very fine, meshes not formed. Pronotum meshes trans-

verse; pteropleura, meshes isodiametric. Elytra, meshes transverse, in rows slightly diagonal to

longitudinal axis.

Luster. Dorsal surface with head and pronotum shining, elytra rather dull. Ventral surface

shining, not iridescent.

Head. Surface sparsely micropunctate. Frontal impressions deep, broad. Eyes, large, promi-

nent, bulged (Fig. 25). Clypeus with anterior margin feebly emarginate.

Mouthparts. Generally average for Pericalina. Labrum nearly as long as wide, anterior mar-

gin deeply but narrowly notched. Maxillary stipes with two long setae laterally near base.

Labium (Fig. 41): mentum toothed; lobes long each narrowly rounded or briefly subtruncate

at apex (M: 1/w 0.43); ligula broad apically, quadrisetose, lateral setae longer than medial ones,

paraglossae longer than ligula, adnate to each other beyond ligula, each with apex broadly

rounded; labial palpus with one seta near apex, one about 0.75 distance from base.

Prothorax. Pronotum as in Fig. 25, anterior margin broadly concave, basal margin truncate;

anterior angles prominent, narrowly rounded, posterior angles narrowly obtuse; sides slightly

reflexed, beaded anteriorly, markedly sinuate posteriorly; setae inserted on lateral margins.

Prosternum sparsely setose medially.

Pterothorax. Metepisternum longer than wide. Metasternum longer than middle coxal cav-

ity. Mesosternum and metasternum each with few setae medially.

Elytra. Humeri broadly rounded. Sides more or less parallel to one another, slightly ex-

planate, not reflexed, apical margins feebly sinuate, apical and preapical angles broadly round-

ed. Striae shallow but distinct, punctate; intervals flat. Interval 3 with three to five setigerous

punctures; interval 5 with or without one setigerous puncture in basal one-third.

Hind wings. Normally developed, evidently functional in flight.

Legs. Not long and slender, hind tarsus shorter than hind tibia. Anterior femur of male with

small patch of short setae ventrally near base. Dorsal surfaces of middle and hind tibiae longi-

tudinally canaliculate. Hind basitarsus less than twice length of article 2. Tarsal articles 1 and

2 with scattered setae dorsally.

Abdomen. Sternum VII with apical margin entire and quadrisetose in both sexes.

Male genitalia. As in Fig. 42 A-D; anopic, apical orifice small, dorsal; apical portion short,

rounded. Internal sac with apical ring sclerite.

Ovipositor. Average for Pericalina (Fig. 43 B-C: tergum VIII; coxite and stylus).

Notes. — More than 100 species are included in this genus, the aggregate range including

the tropics of the world, and the eastern portion of the Palaearctic Region northward to the

Japanese Archipelago. Eight species are known from the New World, ranging from Brazil to

northwestern Mexico. Six of these are confined to Middle America. Adults of the three species

known from Mexico are distinguished in the following key.

Adults are found under bark of trees that are recently dead or dying, either vertical or

horizontal in position. Members of this genus occur in the company of other pericalines, such

as various species of Coptodera. Although adults of some Old World species of Catascopus

are known to be diurnal, the time of activity of New World adults seems to be nocturnal.
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Key to Adults of the Mexican Species of Catascopus Kirby

1 Elytron, interval 3 with four to five setigerous punctures; interval 5 with or without

setigerous puncture near base C. obscuroviridis Chevrolat

r Interval 3 of elytron with three discal setigerous punctures, interval 5 without seti-

gerous puncture 2

2(1’) Pronotum with small denticle on margin, in association with anterior setigerous

puncture C. mexicanus Chaudoir

2’ Pronotum with lateral margin evenly rounded, not denticulate

C chontalensis Bates

“Somotrichoids”

Treatment of this group is cursory because, after the manuscript was thought to have been

completed, the somotrichoids were added to the Pericalina, partly as a result of advice from

Hans Reichardt, and partly as a result of an unexpected opportunity to study the collection

of unidentified lebiines in the USNM.
The genus Somotrichus and several other African genera including pale colored setulose

adults were grouped in the Tribe Singilini, subfamily Lebiinae by Jeannel (1949: 915). Mateu

(1963) showed that the Singilini Jeannel was comprised of three distinct groups of genera, each

of which he ranked as a tribe of the subfamily Lebiinae. He restricted the Singilini to include

only Singilis Rambur. In the Lichnasthenini he placed Lichnasthenus Thomson, Velindomimus

Jeannel, Velindopsis Burgeon, and Microvelindopsis Mateu. He erected the Somotrichini to in-

clude Somotrichus Seidlitz, Pephrica Alluaud, and Paulianites Jeannel. (Mateu did not refer to

Oecornis Britton, 1940, although Jeannel (1949: 1 126) transferred to it Somotrichus vadoni

Jeannel. Probably Oecornis is a somotrichoid, but this is not yet established). It seems clear

from the figures and descriptions published by Mateu that the genera included in the Somo-

trichini really are related to Somotrichus, and hence also belong in the subtribe Pericalina. It

is also clear that the Singilini and Lichnasthenini belong elsewhere, probably in or near the

subtribe Lebiina {sensu Habu, 1967).

With the somotrichoids I provisionally group Catascopellus. The general coincidence of

diagnostic characteristics of this genus and the African somotrichoids suggest common an-

cestry, but the very large head and dark coloration of adults of Catascopellus set them apart.

Nonetheless, this genus does not seem at all close to any other pericaline genus with which I

am familiar.

Somotrichus Seidlitz

Somotrichus Seidlitz, 1887: 7. — Jeannel, 1949: 917. - Ball, 1960: 158. - Mateu, 1963: 131-

133. - Habu, 1967: 74. - Darlington, 1968: 83. TYPE SPECIES. - Carabus elevatus

Fabricius, 1792 (not C. elevatus Fabricius, 1787).

Note on nomenclature. — The valid name for the single included species is Somotrichus

unifasciatus Dejean, 1831. The first proposed name, Carabus elevatus Fabricius, 1792 is a

junior primary homonym of Carabus elevatus Fabricius, 1787 (
= Scaphinotus elevatus), as

Habu (1967: 75) wrote.

Identification. - See key, p. 155.

Description. — Form as in Fig. 43 E. Size small (standardized body length ca. 3. 2-3. 5 mm),

integument generally setulose.

Color. Body generally testaceous; elytra bicolored with broad dark vitta (Fig. 43 E).

Microsculpture. Head, dorsum, meshes isodiametric; pronotum and pteropleura, meshes
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transverse; elytra, meshes isodiametric, lines very fine.

Luster. Dorsal surface shining.

Head. Average for Pericalina. Eyes large, prominent, bulged (Fig. 43 E). Paragena narrower

than antennal scape.

Mouthparts. Labrum wider than long (1/w 0.77), longer than clypeus (1. labrum/1. clypeus

0.50). Labium: mentum toothed, lobes long each with apex acute (M: 1/w 0.50); ligula nar-

rowed apically, bisetose; paraglossae subequal in length to ligula, broadly rounded; labial pal-

pus with two long setae and several shorter ones.

Prothorax. Pronotum as in Fig. 43 E; anterior margin slightly concave; basal margin distinct-

ly lobed medially; posterior angles rectangular; sides very slightly reflexed, sinuate posteriorly;

lateral margins and lateral portions of anterior and posterior margins with each side with four

or more long, thick setae.

Pterothorax. Metepisternum longer than wide. Metasternum longer than middle coxal cavity.

Elytra. Humeri broadly rounded. Sides parallel, not reflex or explanate; apical margin sub-

truncate, not sinuate; apical angles rectangular. Striae broad, shallow. Intervals feebly convex.

Interval 3 with three discal setae.

Hind wings. Normally developed.

Legs. Not long and slender, hind tarsus shorter than hind tibia. Middle tibia of male with

preapical notch in inner (ventral) margin. Dorsal surfaces of hind and middle tibiae rounded,

not strigulose. Hind basitarsus almost twice length of article 2. Tarsal articles sparsely setose

dorsally. Tarsal claws pectinate.

Fig. 43 D and E. Photographs of dorsal aspect of representative New World pericalines. Fig. 43 D. Catascopellus crassiceps

Straneo: Length, 7.88 mm. Fig. 43 E. Somotrichus unifasciatus Dejean: Length, 3.72 mm. NOTE: Measurements summed

to give “Length” are indicated in the captions of Fig. 16-19.
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Abdomen. Sternum VII with single pair of setae.

Male genitalia. Anopic (Habu, 1967: Fig. 165).

Ovipositor. Average for Pericalina (Habu, 1967: Fig. 167).

Habits. — See section entitled “Notes on evolutionary trends”, p. 153-155.

Catascopellus Straneo

Catascopellus Straneo, 1969: 972. TYPE SPECIES. — Catascopellus crassiceps Straneo, 1969.

(Original designation).

See key, p. 155, for distinguishing characteristics.

Description. - Form as in Fig. 43 D, size small (standardized body length 5.84 mm). Dor-

sum sparsely setulose.

Color. Body piceous to black. Elytra dark green. Mouthparts and legs rufopiceous.

Microsculpture. Dorsum of head with meshes isodiametric, large. Pronotum, meshes trans-

verse medially, isodiametric laterally. Pteropleura, meshes isodiametric to transverse. Elytra,

meshes isodiametric.

Euster. Dorsal surface moderately shining to dull.

Head. Relatively enormous (Fig. 43 D), about as long as pronotum, frons irregularly sculp-

tured. Temporal areas posterior to eyes swollen. Laterodorsal areas behind eyes setulose. Eyes

reduced. Paragena width greater than width of antennal scape.

Mouthparts. Labrum elongate (1/w base 0.74), as long as clypeus. Labium toothed, lateral

lobes long (M: 1/w 0.42), each lobe acute apically; ligula, apical margin truncate, quadrisetose,

lateral pair of setae longer than medial pair; paraglossae in length subequal to ligula.

Prothorax. Pronotum as in Fig. 43 D, sparsely setulose; anterior margin shallowly concave;

posterior margin distinctly lobed medially; anterior angles broadly rounded, posterior angles

obtuse, narrowly rounded; sides sinuate, reflexed. Marginal setae two or three pairs, anterior

pair inserted submarginally. Prosternum sparsely setulose.

Pterothorax. Setulose. Metepisternum elongate. Metasternum longer than middle coxal

cavity.

Elytra. Humeri broadly rounded. Sides parallel, margins slightly reflexed, not explanate;

preapical margin sinuate; preapical and apical angles acute. Striae shallow, broad, shallowly

punctate, each puncture with short seta. Intervals feebly convex, serially shallowly punctate,

each puncture with very short seta. Interval 3 with three long tactile setae. Umbilical series

1 5 setae, more or less evenly spaced, penultimate setigerous puncture displaced laterally.

Hind wings. Normally developed.

Legs. Average. Dorsal surface of hind tibia rounded, not keeled or canaliculate. Middle tibia

of male with preapical notch in ventral or inner surface. Tarsi with dorsal surfaces sparsely

setose. Tarsal claws smooth, not pectinate.

Abdomen. Sternum VII quadrisetose. Male genitalia and ovipositor not studied.

Notes. — The above description is abbreviated, and is based in part on the more extensive

original description, and in part on a single female (CHILE, Prov. Malleco, Cordillera de

Nahuelbuta, 4300', Parque Nacional; USNM).
Geographical distribution. - This genus is known only from the province of Malleco, in

the mountains of south-central Chile.

“Eurycoleoids”

This group of genera is confined to the New World. It is not certain that Stenoglossa belongs
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here, but this seems like a reasonable allocation for the present. The plesiotypic microsculpture

of the females plus the absence of marked explanation of the body indicates a basal position

for this genus. Also, the habits of adults seem to be plesiotypic, living as they do, on the outer

surface of tree bark. From such a stock it is a considerable distance to the moderately explan-

ate adults of Lelis, whose members are associated with fungi beneath the bark of dead logs.

From the structural plan of Lelis it is a rather short step to the remarkable Eurycoleus, whose

adults are characterized by a markedly flattened body, and both larvae and adults are associ-

ated with fungi, under bark (Erwin, personal communication).

Stenoglossa Chaudoir

Stenoglossa Chaudoir, 1848: 116. — Lacordaire, 1854: 141. — Chaudoir, 1869a: 201. - Bates,

1869: 71, 77. - Bates, 1883: 184. - Csiki, 1932: 1375. - Blackwelder, 1944: 58. - TYPE
SPECIES (by monotypy). — Stenoglossa variegata Chaudoir, 1 848.

The very small size of individuals of this genus, pale elytra with thin transverse markings

and elongate labrum are additional features to aid in recognition of adults. The elongate basi-

tarsus may be an additional indicator of relationships to Lelis and Eurycoleus.

Description. — Form as in Fig. 44, size very small (standardized body length about 2. 5-3.

5

mm).

Color. Variegated, infuscated to flavous. Head dark, pronotum dark with pale margins,

elytra more or less predominantly pale with transverse dark markings.

Microsculpture. Head, dorsum, meshes isodiametric, large. Pronotum, meshes transverse.

Pteropleura, meshes transverse. Elytra, meshes transverse or isodiametric.

Luster. Dorsal surface more or less shining, pronotum slightly iridescent.

Head. Venter without transverse impression behind eyes, latter large, bulged.

Mouthparts. Labrum (Fig. 48) almost as long as wide. Labium (Fig. 49 A and B): not tooth-

ed, lateral lobes long (M: 1/ w 0.41), each acute apically; ligula bisetose, narrow apically; para-

glossae subequal in length to ligula.

Prothorax. Pronotum as in Fig. 44, maximum width more than 0.66 width of elytra at

humeri; anterior margin shallowly concave; posterior margin distinctly and angularly lobate;

anterior angles broadly rounded, posterior angles acute, sides reflexed, sinuate posteriorly;

setae two pairs, anterior pair inserted submarginally. Prostemum glabrous.

Pterothorax. Glabrous.

Elytra. Sides rounded, reflexed, explanate; apical angle narrowly rounded, preapical angle

broadly rounded. Striae shallow, intervals slightly convex.

Legs. Elongate, slender, hind tarsus subequal in length to hind tibia. Dorsal surface of hind

tibia not keeled or canaliculate. Hind basitarsus elongate, more than twice length of article 2.

Tarsal articles sparsely setose dorsally.

Abdomen. Male with dense patch of setae postero-medially on sternum IV; sternum VII

more or less deeply and broadly notched in males (Fig. 50), entire in female, quadrisetose in

both sexes.

Male genitalia. As in Fig. 51 A and B; anopic, apical orifice moderately large, inclined on

left side; apical portion very short.

Ovipositor. Stylus as in Coptodera: subcylindrical, elongate, as in Fig. 52.

Notes. — This is an endemic New World genus, with eight described species whose aggregate

range extends from Brazil and Colombia to central Mexico. The Middle American fauna in-

cludes only two wide-ranging species, one of which, S. lineata Bates, reaches Mexico. Adults are

found on trees, living or dead, with loose, scaly bark, and in bromeliads.
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Fig. 44-47. Photographs of dorsal aspect of representative New World pericalines. Fig. 44. Stenoglossa lineata Bates. Length

4.0 mm. Fig. 45. Lelis insculpta Bates. Length 9.5 mm. Fig. 46. Eurycoleus macularis Chaudoir. Length 11.5 mm. Fig. 47.

Coptodera elongata Chaudoir. Length 12.1 mm. NOTE: Measurements summed to give “Length” are indicated in the captions

of Fig. 16-19.
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Fig. 48-52. Stenoglossa lineata Bates. Fig. 48. Labrum, dorsal aspect. Fig. 49. Labium, ventral aspect: A, ligula, paraglossae

and palpi; B, mentum. Fig. 50. Sternum VII, male, ventral aspect. Fig. 51. Male genitalia, median lobe: A, left lateral aspect;

B, ventral aspect. Fig. 52. Ovipositor: coxite and stylus, ventral aspect. Fig. 53-55. Lelis insculpta Bates. Fig. 53. Mandibles,

dorsal aspect: A, left; B, right. Fig. 54. Labium, ventral aspect. Fig. 55. Male genitalia, median lobe: A, left lateral aspect;

B, ventral aspect.

Lelis Chaudoir

Lelis Chaudoir, 1869b: 231. - Bates, 1883: 185. - Csiki, 1932: 1381. - Blackwelder, 1944:

58. - Reichardt, 1972: 238. TYPE SPECIES (here designated). - Lelis bicolor Chaudoir,

1869.

The characteristics presented in the key are sufficient to distinguish members of this genus

from other pericalines.

The moderately explanate mandibles, short mental lobes, broad pronotum, elongate basi-

tarsus, median lobe with large apical orifice and internal sac with broad apical plate are features

which seem to indicate a close relationship between the members of Lelis and Eurycoleus.

Description. — Form quite broad, Lebia-\\\iQ (Fig. 45). Size small (standardized body length

5. 4-6.4 mm).

Color. Various: dorsum uniformly dark or bicolored, with head and pronotum rufous, elytra

metallic green, or fasciate, with reddish brown and flavous markings. Antennae, mouthparts

and legs rufous.

Microsculpture. Lines very fine on head and prothorax, coarser on elytra. Head, dorsum,

meshes isodiametric. Pronotum, meshes transverse. Pteropleura and pterosterna, lines vermicu-

late, meshes not formed. Elytra, meshes transverse.

Luster. Generally shining, sterna iridescent.
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Head. Frontal impressions broad, moderately deep, straight. Eyes, prominent, bulged.

Mouthparts. Mandibles (Fig. 53) explanate basally, less markedly so than in Eurycoleus,

ventral margin clearly laterad of dorso-lateral margin, scrobe shallow, broad. Labium (Fig. 54);

mentum edentate, lateral lobes shorter than average (M: 1/w 0.33), each lobe broad, obliquely

truncate at apex; ligula slender and bisetose apically; paraglossae glabrous, subequal in length

to ligula.

Prothorax. Pronotum, as in Fig. 45, transverse, anterior margin moderately deeply concave,

posterior margin sinuate to truncate medially, laterally sloped obliquely forward; anterior

angles very broadly rounded; posterior angles obtuse; sides reflexed, not beaded; surface smooth;

setae inserted on lateral margins. Prosternum, intercoxal process very sparsely setose.

Pterothorax. Pterosterna very sparsely setose.

Elytra. Sides rounded, subparallel, slightly reflexed laterally; apical margin markedly sinuate,

preapical and apical angles feebly dentate. Striae clearly impressed, intervals feebly convex.

Legs. Not especially long and slender, hind tarsus shorter than hind tibia. Anterior femur

of male without accessory setae. Hind tibia with dorsal surface rounded, not canaliculate or

keeled. Hind basitarsus elongate, more than twice length of article 2. Tarsal articles 1-3 dor-

sally each with few scattered setae. Tarsal claws pectinate.

Abdomen. Sterna HI-VI each with few short setae (in addition to ambulatory setae). Sternum

VII of male with apical margin shallowly notched medially, four apical setae.

Male genitalia. Median lobe (Fig. 55 A and B) anopic, apical orifice dorsal, large, apical por-

tion short. Internal sac with broad apical plate.

Female not seen.

Notes. - The range of this genus extends from northern South America to southeastern

Mexico. Six species are known, three of which occur in Middle America, and of these one

reaches Mexico. Adults are found on logs beneath loose bark, in association with fungi.

Eurycoleus Chaudoir

Eurycoleus Chaudoir, 1848: 124. — Lacordaire, 1854: 129. — Chaudoir, 1869b: 235. - Bates,

1883: 185. - Csiki, 1932: 1381. - Blackwelder,1944; 58. - Reichardt, 1972; 237-249.

TYPE SPECIES (by monotypy). - Coptodera fasciatopunctata Reiche, 1842: 213.

The characteristics presented in the key are sufficient to distinguish members of this genus

from other pericalines. The broad flattened body with markedly explanate elytra is reminiscent

of members of the New World subgenus Chelonodema (genus Lebia). However, members of the

latter group lack ventral setae from the head, and the penultimate umbilicate puncture of the

elytron is displaced inward rather than outward.

Other groups of pericalines exhibiting the explanate body form are found in Africa and

Madagascar. They are probably not closely related to Eurycoleus.

Description. — Form broad, explanate (Fig. 46), deplanate. Size moderate (standardized

body length 7.5-10.0 mm).

Color. Predominantly testaceous, elytra diaphanous, more or less extensively spotted with

darker pigment; legs and antennae variously darkened, tergum VII variously darkened.

Microsculpture. Lines on head and pronotum obsolete. Elytra, lines fine, meshes wide, trans-

verse.

Luster. Dorsal surface generally dull. Ventral surface more shining.

Head. Frontal impressions shallow, broad, irregular. Vertex with shallow transverse impres-

sion behind eyes, latter large, bulged.

Mouthparts. Mandibles (Fig. 56) very broad, explanate, scrobes obsolescent. Labium (Fig. 57):
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mentum edentate, lateral lobes short (M: 1/w 0.31), each with apex obliquely truncate, broad;

ligula broad apically, quadrisetose. Paraglossae in length subequal to ligula, laterally each with

dense covering of short setae; penultimate article of labial palpus anteriorly with one seta near

apex, one distinctly preapical.

Prothorax. Pronotum (Fig. 46), maximum width more than 0.66 width of elytra at humeri,

weakly convex medially, markedly transverse, broadly explanate laterally; anterior margin

shallowly concave; posterior margin truncate medially, sloped obliquely forward laterally;

anterior angles very broadly rounded; posterior angles obtuse, sides broadly reflexed, sub-

angulate medially, broad reflexed, not sinuate posteriorly; setae with anterior pair inserted

submarginally. Prosternum sparsely setose medially.

Pterothorax. Metasternum sparsely setose medially.

Elytra. Sides broadly rounded, markedly explanate, with thin plate-like extensions; apical

margin obliquely truncate, not sinuate; preapical and apical angles rounded. Striae obsolete,

surface generally punctate; or striae normally developed, and intervals convex. Umbilical series

with penultimate puncture hardly laterad of adjacent punctures.

Legs. Not long and slender, hind tarsus evidently shorter than hind tibia. Middle and hind

coxae with ventral surfaces sparsely setose; male front femur without accessory setae; hind

tibia with dorsal surface keeled. Hind basitarsus elongate, more than twice length of article 2.

Basitarsi sparsely setose. Tarsal claws pectinate.

Abdomen. Sterna III-VII sparsely setose. Sternum VII with apical margin quadrisetose,

shallowly notched medially in males, entire in females.

Male genitalia. Median lobe (Fig. 58 A and B) anopic, apical orifice dorsal, very large, apical

portion very narrow in ventral aspect; internal sac with large apical plate.

Ovipositor. Average for Pericalina, stylus flattened, falcate. (Fig. 59).

Notes. — This endemic New World genus includes six species, whose aggregate range extends

from northern South America to northeastern Mexico. Reichardt (1972) revised the genus,

and Erwin (personal communication) studied the life history of one species of Eurycoleus.

The larvae of this species feed on endomychids and the adults are mimics of an erotylid species.

“Pericaloids”

This group, including in the Old World genera such as Nycteis (and probably the other Mada-

gascan genera whose males have catopic and/or setose median lobes), Pericalus, Lioptera, and

probably many others, is represented in the New World by only a single subgenus of Coptodera.

Coptodera Dejean

Coptodera Dejean, 1825: 273. — Lacordaire, 1854: 140. — Bates, 1869: 69, 71. — Chaudoir,

1869b: 163. - Horn, 1881: 156. - Bates, 1883: 180-183. - Leng, 1920: 66. - Csiki, 1932:

1370. - Darlington, 1934: 1 16. - Blackwelder, 1944: 57. - Jeannel, 1948: 924, 926. -

Ball, 1960: 158. - Habu, 1967: 81. - Darlington, 1968: 110-118. - 1971: 194. - Reichardt,

1972: 238. TYPE SPECIES. — Coptodera emarginata Dejean, 1825. (subsequent designation,

Blanchard, 1842, plate 20).

Subgenus Coptodera (sensu stricto)

In addition to the characteristics presented in the key, the following features aid in recogni-

tion: labrum almost as long as wide, sharply notched medially; male with middle tibia notched

ventrally, near apex; elytra not markedly explanate; male median lobe anopic.
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Fig. 56-59. Eurycoleus macularis Chaudoir. Fig. 56. Mandibles, dorsal aspect: A, left; B, right. Fig. 57. Labium, ventral aspect.

Fig. 58. Male genitalia, median lobe: A, left lateral aspect; B, ventral aspect. Fig. 59. Ovipositor: coxite and stylus. Fig. 60-62.

Coptodera elongata Chaudoir. Fig. 60. Labium, ventral aspect. Fig. 61. Male genitalia: A, median lobe, left lateral aspect; B,

median lobe, ventral aspect; C, left paramere. Fig. 62. Ovipositor: coxite and stylus.

Males of the Old World members of Coptodera (subgenus Coptoderina Jeannel) have the

median lobe catopic.

Very similar to the members of Coptodera are those of Stenoglossa and Lelis, but they lack

setae from the palpiger, and males do not have the middle tibiae notched.

Description. — Form narrow, elongate, somewhat flattened, as in Fig. 47. Size various, small

to moderate (standardized body length 4.5-1 1.0 mm).

Color. Dorsal surface piceous or metallic, elytra dark, concolorous, or variegated with pale

markings, or predominantly pale and variegated with dark markings. Ventral surface, antennae,

palpi and legs flavous to piceous or black.
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Microsculpture. Head, dorsum, lines obsolete, or meshes isodiametric, lines fine. Pronotum,

meshes isodiametric to transverse or absent. Elytra, meshes transverse, short, several in row

between adjacent pairs of striae.

Luster. Generally shining, faintly iridescent or not.

Head. Frontal impressions obsolete or distinct, smooth or rugulose. Eyes very large and

bulged.

Mouthparts. Labrum nearly as long as wide, apical margin sharply and deeply notched.

Labium (Fig. 60); mentum not toothed, lateral lobes long (M: 1/w 0.42), each lobe pointed

apically. Ligula narrow, bisetose; paraglossae longer than ligula, attached to one another

toward base, each broadly rounded apically, and with few long setae laterally; palpiger with

single seta ventrally.

Prothorax. Pronotum, width more than 0.66 width of elytra at humeri; form various, more

or less transverse; apical margin more or less concave, basal margin truncate or sub-lobate,

laterally sloped forward; sides reflexed, sinuate or evenly rounded, margins not beaded; two

pairs setigerous punctures, insertion of anterior pair submarginal. Prosternum glabrous or very

sparsely setose.

Pterothorax. Pterosterna glabrous or very sparsely setose, setae very short.

Elytra. Various in shape, sides rounded to almost parallel, humeri broadly rounded, apical

margin more or less sinuate, preapical and apical angles rounded or toothed. Striae 1-8 shallow.

Intervals flat. Penultimate umbilical puncture clearly laterad of adjacent punctures.

Legs. Average for Carabidae, not especially long and slender, hind tarsus shorter than hind

tibia. Front femur of male without extra setae ventrally. Tibiae with dorsal surfaces more or

less keeled, not longitudinally canaliculate. Middle tibia of male with one to three notches

apically on ventral surface. Hind basitarsus less than twice length of article 2. Tarsus dorsally

with articles sparsely setose throughout. Tarsal claws pectinate.

Abdomen. Sterna glabrous or sparsely setose. Sternum VII with four apical setae.

Male genitalia. As in Fig. 61 A, B, anopic, apical orifice inclined on left side, left paramere

broad, irregular in shape, as in Fig. 61 C.

Ovipositor. Stylus (Fig. 62) subcylindrical, more elongate than usual for Pericalina, with

three or four spines.

Notes. — This tropicopolitan genus ranges to Queensland, in Australia, and northward to

the Japanese Archipelago in the Palaearctic Region. In the New World, the range of Coptodera

extends from northern South America to southern United States, and the West Indies. Of the

38 described New World species, 13 occur in Middle America, only, with one occurring both

in South America and southern Central America. Members of the genus rest by day beneath

loose-fitting bark of dead or dying trees; at night, they are found on the outer side of bark

and course along the logs.

CLASSIFICATION OF PHLOEOXENA CHAUDOIR

Included here is a taxonomic treatment of the species of Phloeoxena. A brief diagnosis of

the genus is presented in the preceding section.

Phloeoxena Chaudoir

Coptodera Dejean (in part), 1825: 275.

Phloeoxena Chaudoir, 1869a: 145. - Horn, 1881: 156. - Bates, 1883: 176. - Leng, 1920:

66. - Csiki, 1932; 1359. - Blackwelder, 1944; 57. - Ball, 1960: 159. TYPE SPECIES (here

designated). — Phloeoxena picta Chaudoir, 1869a: 145.
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Description. — Form rather broad, agonoid in subgenus Oenaphelox (Fig. 1 7). Size moder-

ate to small (standardized body length 4.0-9. 5 mm).

Color. Body generally piceous, pronotum and elytra concolorous or bicolored, with either

flavous or piceous color predominant; elytral markings vermiculate or blotched; head dark.

Microsculpture. Head, dorsum, meshes isodiametric. Pronotum, meshes isodiametric later-

ally, transverse medially; pteropleura, meshes isodiametric. Elytra, meshes isodiametric, or

longitudinal, elevated in fonu of keeled scales (Fig. 63, 85, 102, 104 and 1 14), in rows parallel

to long axis.

Luster. Dorsum of head, lateral areas of pronotum, and elytra, opaque; central portions of

pronotum more or less shining; ventral surface shining to iridescent.

Head. Eyes, average or smaller and flatter than average (Fig. 16-19).

Mouthparts. Generally, as described for subtribe. Labium (Fig. 67 and 99): mentum toothed,

lateral lobes long, and each pointed or narrowly rounded at apex (M: 1/w 0.41-0.43); ligula

broad apically, quadrisetose; paraglossae subequal in length to ligula, asetose.

Prothorax. Pronotum as in Fig. 16-19, 71, 72, 79-81, 95, 97, 100, 105 and 106, width more

than 0.66 width of elytral humeri; deplanate medially, transverse; anterior margin shallowly

concave, basal margin approximately truncate; lateral margins more or less sinuate or evenly

rounded; anterior angles narrowly to moderately broadly rounded, moderately prominent;

posterior angles obtuse or rectangular; sides reflexed, not beaded; surface faintly strigulose,

median longitudinal impression shallow; shallow linear impression each side, mediad of lateral

groove, extended about half length of pronotum from broad, shallow posterior lateral impres-

sions; setae inserted on lateral margins. Prosternum sparsely setose or glabrous.

Pterothorax. Metepisternum longer than wide, or as long as wide. Metasternum subequal to

or longer than middle coxal cavity, sparsely setose.

Elytra (Fig. 16-19). Humeri broad; sides rounded, slightly explanate, slightly reflexed; apical

margins markedly sinuate, apical angle subacute, preapical angle broadly rounded. Striae shal-

low or absent, intervals flat, or feebly convex. Interval 3 with two to nine discal setigerous

punctures. Umbilical series broadly interrupted medially or not, with 23 or fewer setigerous

punctures.

Hind wings. Normal, evidently functional, or small stubs.

Legs. Long, slender, hind tarsus subequal in length to hind tibia. Anterior femur of male

with patch of short setae ventrally, near base, or glabrous. Dorsal surface of middle and hind

tibia rounded, smooth. Hind basitarsus not elongate, less than twice length of article 2. Tarsal

articles dorsally each with single pair of setae apically, or generally but sparsely setose. Tarsal

claws with pectinations extended beyond middle of claws.

Abdomen. Sternum VII with apical setae two in males, four in females.

Male genitalia. As in Fig. 68, 73-78, 96, 98, 101 and 107-1 10; anopic, apical orifice small

or moderate in size, inclined on left side; apical portion triangular, small. Internal sac with or

without spines.

Ovipositor. Average for Pericalina (Fig. 69 A-E).

Ecological characteristics. — Members of this genus live in tropical or warm temperate forests,

at lower elevations on trunks or branches of living or dead trees, usually on or near the surface,

beneath small flakes of bark or in moss. At higher elevations, in cloud forest, adults of some

species are found on the ground, beneath dead tree branches, or under bark of very rotten logs.

Geographical distribution. — The range of this genus extends throughout Middle America

from Panama northward to North Carolina (on the Coastal Plain), in eastern United States;

and includes the Greater Antilles of the West Indies (Fig. 1 13).

Classification. — Chaudoir (1869a) included in three groups the species of Phloeoxena known

to him; “species verae” (four New World species); “Phloeoxenae Africanae spuriae” (one species
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from Mauritius, off the coast of Africa); and “Phloeoxenae spuriae” (three New World species).

Alluaud (1933: 15) made the single African species, Thyreopterus subappendiculatus Dejean,

1831, type of a new genus, Mascarenhia, (see Jeannel, 1949: 931-932 for a figure and descrip-

tion). I have not seen specimens of this species, but am prepared to believe it is not closely

related to the New World species included in Phloeoxena. For the latter, I agree with Chaudoir

that the species known to him should be arrayed in two groups, but with P. undata Chaudoir

placed among the “Phloeoxenae spuriae” rather than with the “verae” group. Each of these

groups is here classified as a subgenus (the “spurious” one being named Oenaphelox), and a

third subgenus {Tacana) is added fori^. herculeano, new species.

The basis for including these forms within a single genus, is that, first, the intra-group varia-

tion pattern compels one to believe that all of these species are descendents of a single species,

and thus they comprise a monophyletic group; and second, this complex is about as divergent

from the other New World genera of Pericalina as the latter are from one another. Admittedly,

the apotypic character states of P. herculeano increase markedly the internal divergence of the

genus, and on this basis, one could make a case for placing this species in a genus of its own.

However, such a genus would be monobasic, and when possible, I think it best to avoid employ-

ing genera having only minimal diversity.

I am prepared to accept monobasic groups at a lower taxonomic level, and so place P. hercul-

eano in a group of its own, and rank it at the same level as each of the other two groups of

Phloeoxena, i.e. at the subgeneric level. I think it useful in moderately diverse genera to employ

several ranks in classifying the species, the highest being that of subgenus, followed by group,

and if required, sub-group. The species of Phloeoxena seem sufficiently divergent to require

at least two infrageneric levels to indicate the pattern of relationships.

Each of the three subgenera is definable on phenetic grounds. On phylogenetic grounds,

Tacana has a number of apotypic character states, which satisfy this requirement for valid

taxa. The subgenus Oenaphelox is clearly defined by the apotypic character state of spines on

the internal sac of the male median lobe, and it, too is a phylogenetically acceptable group.

In contrast, the Phloeoxena (sensu stricto), characterized mainly by absence of syn-

apotypic character states, is unsatisfactory phylogenetically because the group thus defined

might not be monophyletic. However, it can be defined polythetically, and is at least a reason-

ably distinct phenetic group. For the present, I think it best to treat this complex as a sub-

genus. I also feel confident that eventually evidence will be found to show that this subgenus

is indeed monophyletic.

In summary, the 1 6 known species of Phloeoxena are included in three subgenera, defined

on the basis of a combination of phenetic and phylogenetic considerations.

Key to the Species of the Genus Phloeoxena Chaudoir

1 Elytra bicolored 2

1’ Elytra concolorous 14

2 (1) Elytra with single large red spot in posterior half 3

2’ Elytra bifasciate or with irregular pattern (Fig. 16, 1 1 1, 1 15) 4

3 (2) Elytron with two discal setigerous punctures. . .(P.) imitatrix Darlington, p. 189

3’ Elytron with three discal setigerous punctures . . .(P.) plagiata Darlington, p. 188

4 (2’) Elytron with blotched pattern (Fig. Ill), pronotum entirely flavous, or flavous

with dark central spot or stripe, or entirely dark

(O.)signata Dejean (in part), p. 213

4’ Elytron with pair of irregular fasciae, medially joined or not (Fig. 16, 1 1 5) . . 5

5 (4’) Elytron with fasciae not extended to suture (Fig. 16)

(O.) undata Chaudoir, p. 208
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5’ Elytron with fasciae extended to suture (Fig. 115) 6

6 (5’) Elytron with fasciae broadly joined toward suture, elytra together with cmciate

pattern (Fig. 115: 1); eyes bulged, very prominent (P.) megalops Bates. . 7

6’ Elytron with fasciae not joined toward suture, eyes less bulged, less prominent. 9

7 (6) Elytron subapically with shiny area with microsculpture meshes isodiametric ....

(P.) m. erwinorum, new subspecies, p. 194

T Elytron without shiny area subapically, microsculpture meshes of elytra in uniform

longitudinally oriented rows 8

8 (7’) Elytron with anterior and posterior fasciae of about equal width, anterior margin

of anterior fascia markedly irregular (Fig. 115:1)

(P.) m. megalops Bates, p. 194

8’ Anterior fascia much wider than posterior one (Fig. 93), with anterior margin of

former a more or less regular oblique line from suture to about point of stria 6 . .

(P. ) m. chiriquina Batos, p. 195

9 (6’) Metepisternum quadrate, eyes bulged or not . 10

9’ Metepisternum elongate, lateral margin longer than anterior margin; eyes more or

less bulged 13

10

(9) Elytron with posterior fascia apical, anterior fascia represented by faintly indicated

line of three pale marks (Fig. 115: 5); femora pale

(P.)p. apicalis, new subspecies, p. 202

10’ Elytron with posterior fascia preapical, anterior fascia complete or nearly so, dis-

tinct 11

11(10’) Elytron with apical angle broadly rounded (Fig. 115: 3), shiny area extended basad

beyond area subtended by apical angle,with parasutural spot; eyes not bulged, elytra

relatively long (Pl/El — 0.35) (P.) p. batesi, new subspecies, p. 199

1 r Elytron with apical angle acute (Fig. 115: 2), without shiny area apically, parasutural

spot present or absent; elytra shorter (Pl/El — 0.36-0.43) 12

12(1 1’) Elytral vermiculations broader (Fig. 115: 2), parasutural spot present or not; pro-

notum bicolored (P.) p. picta Chaudoir, p. 201

12’ Elytral vermiculations narrower (Fig. 115: 4), parasutural spot absent; pronotum

concolorous (P.) p. franiae, new subspecies, p. 200

13 (9’) Elytron without anterior discal setigerous puncture, pronotum each side with pale

stripe (P.) limbicollis Bates, p. 195

13’ Elytron with anterior discal setigerous puncture; pronotum concolorous, dark . . .

(P.) nigricollis, new species, p. 195

14 (!’) Elytron with umbilical series not broadly interrupted medially, including more than

18 setigerous punctures; discal setigerous punctures (3) 4-8; standardized body length

8 mm or more (T.) herculeano, new species, p. 1 82

14’ Elytron with umbilical series broadly interrupted medially, with not more than 15

setigerous punctures; discal setigerous punctures two or three; standardized body

length less than 6 mm 15

1 5(14’) Pronotum without lateral setae; elytron with two discal setae

(P.) montana Darlington, p. 187

1
5’ Pronotum with two pairs of lateral setae; elytron with three discal setae 16

16(1 5’) Metepisternum quadrate, short, lateral margin no longer than anterior margin. . 17

16’ Metepisternum elongate, lateral margin distinctly longer than anterior margin. . 18

17(16) Pronotum with sides distinctly sinuate posteriorly; specimen from Mexico

(P.)p. unicolor Oiaudoix, p. 200

17’ Pronotum with sides not, or only slightly sinuate; specimen from Cuba

(P.) dealata Darlington, p. 1 87
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Palpi and legs black; sides of pronotum markedly sinuate posteriorly (Fig. 95) . .

(O.) pluto, new species, p. 206

Palpi and legs testaceous or latter bicolored, sides of pronotum sinuate or not . 19

Pronotum all flavous or predominantly flavous with dark median spot or stripe . .

(O.) signata Dejean (in part), p. 213

Pronotum dark, same color as elytra 20

Legs bicolored, with apices of femora and bases of tibiae dark, remainder of legs

pale; specimen from Mexico (O.) geniculat

a

Chaudoir, p. 209

Legs uniformly pale; specimen from West Indies 21

Elytra with intervals costate, striae broad (P.) costata Darlington, p. 184

Elytra without costae, smooth, or striae and intervals indistinctly indicated . . 22

Elytron with stria 7 indicated posteriorly (P.) schwarzi Darlington, p.

Elytron smooth, no indication of striae; specimen from locality in Puerto Rico . .

(P. ) portoricensis D?Lr\mgton, p. 191

Subgenus Tacana, new subgenus

TYPE SPECIES. - Phloeoxena (Tacana) herculeano, new species (here designated).

In addition to the characteristics presented in the key, members of this group can be readily

recognized by their larger than average size {for Phloeoxena) and slender pronotum.

Description. — Form (Fig. 18) slender, elongate, platynoid. Data are presented in Table 2

on variation in standardized body length and in the ratios Hw/Pwm, Hw/Pl, P: Aw/Bw, and

Pl/El.

Microsculpture. Elytra, meshes isodiametric, elevated as short, blunt spines (Eig. 63).

Head. Eyes smaller and flatter than average for Pericalina (Eig. 18). Antenna, article 3 with

preapical setae in addition to terminal ring, article 4 setose for more than half its length.

Mouthparts. Labrum as in Eig. 64. Mandibles as in Fig. 65. Maxillae as in Fig. 66. Labium as

in Fig. 67.

Prothorax. Pronotum as in Fig. 18, maximum width greater than width of humeri; sides

reflexed, narrowly and indistinctly beaded anteriorly; surface transversely strigulose laterally.

Prostemum glabrous.

Pterothorax. Metepisternum about as long as wide. Metasternum glabrous, median length

subequal to length of middle coxal cavity.

Elytra. Humeri sloped, narrow; sides obliquely rounded, slightly explanate, reflexed; apical

margin feebly sinuate, apical angle obtuse, preapical angle broadly rounded. Striae shallow.

Intervals weakly convex. Interval 3 with three to nine setigerous punctures. Umbilical series

not broadly interrupted, 19 to 23 setigerous punctures.

Hind wings. Small stubs.

Male genitalia. As in Eig. 68 A and B, anopic; apical portion broad; internal sac without

spines.

Eemale ovipositor. As in Fig. 69 A-E.

This subgenus includes the single species T. herculeano, here described as new.

Tacana herculeano new species

Major features of this species are indicated in the key and in the generic description. Details

about variation in the following measurements and ratios are presented in Table 2: standardized

body length; Hw/Pwm; Hw/Pl; P: Aw/Bw; Pl/El. Males tend to have fewer discal setae than

females (modal class for left elytron of males is 5; for females it is 6) but for the number of
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ELYTRAL MICROSCULPTURE OF
Phloeoxena herculeano

DORSAL ASPECT LATERAL ASPECT

20fi

Fig. 63. Phloeoxena (Tacana) herculeano new species. Stereoscan photographs of elytral microsculpture.

umbilical punctures, the order is reverse (modal class for left elytron of males is 21, and for

females it is 20).

Type material — Male holotype and female allotype, labelled: MEX. Chiapas, Volcan Tacana,

s.e. slope, 7800^ cloud forest, moss on trees, VII. 23. 72; MEX. 1972, G. E. Ball, collector.

Paratypes, nine males and five females labelled like the holotype; three males and one female

labelled: MEX. Chiapas, Sumidero San Antonio (Tacana), 9000-10000', in a cloud forest,

July 24, 1972; and one male and one female labelled MEXICO, Chiapas, 33.7 mi. n. Huixtla,

11.26-27. 1966, in bromeliads; G. E. Ball and D. R. Whitehead.

A female, not included in the type series, labelled as follows: GUATEMALA, Dpto. Hue-

huetenango, Cuchumatanes Mts., Rte 9N, 3 mi. NE San Mateo Ixtatan, 2430 m, VIII. 9. 74

(D. R. Whitehead, H. E.Frania, G. E. Ball) [UASM]

.

Quaest. Ent, 1975, 11 (2)
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Table 2. Data on Variation in Selected Measurements and Ratios within a Population Sample

of Phloeoxena (Tacana) herculeano, New Species, from El Volcan Tacana, Chiapas,

at 7800 Feet above Sea Level.

Character Males

N= 10

Range Mean

Females

N= 6

Range Mean

SBL (mm) 8.5 -9.3 8.8 8.2 -9.2 8.7

Hw/Pwm 0.69-0.78 0.74 0.74-0.81 0.77

Hw/Pl 0.73 - 0.86 0.80 0.78-0.82 0.81

P: Aw/Bw 0.93- 1.14 1.05 1.00- 1.16 1.04

Pl/El 0.36-0.42 0.40 0.37-0.42 0.39

Disposition of type material — The holotype and allotype are in the USNM. Paratypes are

in the following collections: BMNH, California Academy of Sciences, Canadian National

Collection, Ottawa, Canada; Instituto Politecnico Nacional de Mexico, Mexico, D. F., MCZ,
MNHP, UASM, J. Negre, Versailles, France, and J. Mateu, Paris, France.

Derivation of the name. — The generic name comes from that of the mountain on which

the holotype was collected: El Volcan Tacana, in southeastern Chiapas. The specific epithet,,

a noun in apposition, is the Christian name of Sr. Herculeano Morales, who guided me on a

number of walks on Tacana.

Notes on habitat. — These specimens were collected in cloud forests. Most were in moss

on the trunks of standing trees, and were found by scraping the moss on to a beating cloth.

A few were on the ground, under logs or under loose bark on dead logs. Some of the specimens

collected on Tacana at the beginning of the rainy season (late July) are teneral, suggesting that

the onset of the rains marks the period of adult emergence.

Subgenus Phloeoxena (sensu stricto)

Characteristics are: color uniform piceous, or elytra bicolored; microsculpture of elytra with

meshes flat, or longitudinally oriented, elevated as keeled, vertical scales (Fig. 85, 114); internal

sac of male genitalia without spines.

Classification. — This subgenus includes 1 1 species arranged in two species groups: the

schwarzi group, of seven West Indian species; and the picta group, of four Middle American

species.

The schwarzi Group

This group is characterized by a combination of: dorsum concolorous, or elytra with single

median red spot; microsculpture of elytra keeled or not; scales elongate, keels low or high,

linearly arranged (rarely) or not; inhabiting the islands of the West Indies.

Phloeoxena (sensu stricto) costata Darlington

Phloeoxena costata Darlington, 1937: 135. TYPE LOCALITY: Cuba, Oriente Province, Sierra

Maestra, Sierra de Cobre.

Comparisons. — The single specimen seen is among the smallest of West IndidiW Phloeoxena,

but it has a comparatively wide head.



Pericaline Lebiini
185

Fig. 64-69. Phloeoxena (Tacana) herculeano, new species. Fig. 64. Labrum. Fig. 65. Mandibles: A, left, dorsal aspect; B, right,

dorsal aspect; C, left, ventral aspect; D, right, ventral aspect; art-anterior retinacular tooth; pm - premolar tooth; prt - posterior

retinacular tooth; rr - retinacular ridge; tr - terebral ridge; tt - terebral tooth; vg - ventral groove. Fig. 66. Maxilla: left, ventral

aspect. Fig. 67. Labium, ventral aspect. Fig. 68. Male genitalia, median lobe: A, left lateral aspect; B, dorsal aspect. Fig. 69.

Ovipositor and associated sclerites: A, tergum VIII; B, sternum VIII; C, tergum X; D, valvifer; E, coxite and stylus.

Quaest. Ent, 1975, 11 (2)
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Fig. 70. Map, showing the geographical distribution of Phloeoxena (Tacana) herculeano new species, and the subspecies of

P. (sensu stricto) picta Chaudoir.

Descriptive notes. — Tables 3 to 7 present data on variation in standardized body length and

in ratios Hw/Pwm, Hw/Pl, P: Aw/Bw, and Pl/El.

Microsculpture. Head, dorsum with lines coarse, meshes isodiametric, flat. Pronotum, disc

with meshes approximately transverse, flat; postero-laterally, with meshes isodiametric, beaded.

Elytra, with meshes elongate, scale-like, flat (Fig. 1 14).

Luster. Dorsal surface generally uniformly shining.

Elytra. Clearly costate, with striae complete and unusually broad.

Male genitalia. Not seen.

Geographical distribution. — This species is known only from the Sierra Maestre Mountains

of eastern Cuba (Fig. 1 14).

Material examined. — One female paratype, collected at Loma del Gato, 3000 feet above

sea level, July 3-7, 1936.

Geographical affinities. — As indicated in Fig. 1 14, this species is in the same general area

and mountain system as are representatives of three other species of the schwarzi group. How-

ever, it is not known to be sympatric with any of them.

Relationships. — The relatively primitive pattern of elytral microsculpture plus seemingly

generalized body proportions suggest that this species may be the most plesiotypic member

of the genus in the West Indies, and may be as well a plesiotypic survivor of the stem species

of the schwarzi group.
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Phloeoxena (sensu stricto) dealata Darlington

Phloeoxena dealata Darlington, 1937: 136. TYPE LOCALITY: Cuba, Oriente Province, Sierra

Maestre Pico Turquino.

Comparisons. — In general, the members of this species are relatively small in size (Table 3),

with slightly reduced elytral humeri and primitive microsculpture of the elytra. The reduced

wings and microsculpture pattern are shared with/^. montana, but in form and size specimens

of these two species differ markedly from one another.

Descriptive notes. — Tables 3 to 7 present data on variation in standardized body length and

in ratios Hw/Pwm, Hw/Pl, P: Aw/Bw, and Pl/El.

Microsculpture. Head and pronotum, as in P. costata. Elytra,meshes narrower, low-keeled

(Fig. 114).

Luster. As in P. costata.

Elytra. Shallowly, narrowly striate, intervals flat and broad.

Male genitalia. Median lobe in left lateral aspect as in Pig. 73 and 74. Apical portion of med-

ian lobe longer and narrower than in specimens of other species of the schwarzi group. Two
specimens were dissected.

Lor a more detailed description, see Darlington (1937: 136).

Geographical distribution. — This species is known only from the type locality, in Cuba

(Pig. 1 14). Specimens have been collected on Pico Turquino from 3000 to 6000 feet above

sea level, mostly at night, in forest, on trunks and branches of fallen trees.

Material examined. — Seven males and seven females, from the type locality.

Geographical affinities. — This species is known only from an isolated peak of the Sierra

Maestre Mountains. The ranges of three other members of the schwarzi group are farther east

in this mountain range (Fig. 1 14).

Relationships. — The rather broad low-keeled meshes of the elytral microsculpture are the

same as in P. montana, and I believe that these two are sister species. Their common stock is

more plesiotypic than the remaining species of the schwarzi group, but more apotypic than

P. costata (Fig. 1 18).

Phloeoxena (sensu stricto) montana Darlington

Phloeoxena montana Darlington, 1935: 208. TYPE LOCALITY: Haiti, Mt. La Hotte.

Comparisons. — The members of this species are characterized by the markedly narrow elytral

humeri, markedly narrow pronotal base, and by the tarsal claws, each with only three pectines.

Descriptive notes. — Tables 3 to 7 present data on variation in standardized body length and

in ratios Hw/Pwm, Hw/Pl, P: Aw/Bw, and Pl/El.

Microsculpture. As described for P. dealata.

Luster. Dorsum of head and disc of pronotum shining; postero-lateral areas of pronotum

and elytra slightly duller.

Pronotum. As in Fig. 71, lateral margins asetose.

Elytra. Shallowly, narrowly striate, intervals flat and broad.

Male genitalia. Median lobe in left lateral aspect as in Fig. 75. Apical portion more elongate

and curved than in other males of the schwarzi group. One specimen was dissected.

For a more extensive description, see Darlington (1935: 208).

Geographical distribution. — This species is known only from Mt. La Hotte, in extreme

southwestern Haiti. Specimens were collected in leaf mold, moss and rotting wood, in damp
forest.

Material examined. — Two males, three females, paratypes.

Quaest. Ent., 1975, 11 (2)
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Geographical affinities. — Another species occurring on Mt. La Hotte isP. schwarzi. Accord-

ing to information in the original description, the specimens of P. montana were collected near

the summit of the mountain, and probably not below 7000 feet altitude. TheP. schwarzi speci-

mens were collected from 4000 to 5000 feet altitude. Thus, the two species are probably sym-

patric.

Relationships. — Although markedly different from P. dealata, that species and P. montana

are synapotypic for elytral microsculpture, and I think they are sister species.

Fig. 71. Phloeoxem montana Darlington. Pronotum, dorsal aspect. Fig. 72. Phloeoxena schwarzi Darlington. Pronotum,

dorsal aspect. Fig. 13-lS. Male genitalia, left lateral aspect. Fig. 73 and 74. Phloeoxena dealata Darlington. Fig. 75. Phloeoxena

montana Darlington. Fig. 76. Phloeoxena imitatrix Darlington. Fig. 77. Phloeoxena schwarzi Darlington. Fig. 78. Phloeoxena

portoricensis Darlington.

Phloeoxena (sensu stricto) plagiata Darlington

Phloeoxena plagiata Darlington, 1934: 1 14. TYPE LOCALITY: Cuba, Guantanamo.

Comparisons. — The large, reddish preapical spot on the elytra plus the otherwise almost

black color of the dorsal surface distinguish members of this species from all others except

P. imitatrix. Specimens of the latter lack elytral striae and have longer, more slender pronota.

Descriptive notes. — Tables 3 to 7 present data on variation in standardized body length and

in ratios Hw/Pwm, Hw/Pl, P: Aw/Bw, and Pl/El.

Microsculpture. Meshes narrowed to relatively short keeled scales, each scale rather broad,

not in contact with its neighbors, and moderately high (Fig. 1 14).

Luster. Head and disc of pronotum shining; postero-lateral areas of pronotum and dorsal

surface of elytra dull.

Elytra. Shallowly, narrowly striate, intervals flat and broad.
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Male genitalia. Not examined. Apex of abdomen of holotype damaged and genitalia missing.

For a more extensive description, see Darlington (1934: 1 14).

Geographical distribution. - This species is known only from the type locality (Fig. 1 14).

Material examined. — Holotype, male (AMNH).

Geographical affinities. — This species is known only from the eastern end of Cuba, near

(but not in) the Sierra Maestre Mountains. Three other species of the schwarzi group are found

in this area, also, but at different elevations, and in different locations.

Relationships. — The closest relative of this species is probably P. imitatrix: the two species

share an apotypic color pattern and the same type of microsculpture. Probably their common
ancestor gave rise to the schwarzi-portoricensis stock (Fig. 118).

Phloeoxena (sensu stricto) imitatrix Darlington

Phloeoxena imitatrix T>2n\mgion, 1934: 1 14. TYPE LOCALITY: Cuba, Cayamas, Santa Clara.

Comparisons. - Members of this species are distinguished from all other members of the

genus by a combination of dark dorsal coloration with a large red preapical spot on the elytra,

smooth elytra without vestiges of striae, and slender elongate pronotum.

Descriptive notes. — Tables 3 to 7 present data on variation in standardized body length and

in ratios Hw/Pwm, Hw/Pl, P: Aw/Bw, and Pl/El.

Microsculpture. Generally, as described forP. schwarzi, but meshes of elytra as described

forP. plagiata (Fig. 1 14).

Luster and elytra. As described for P. plagiata.

Male genitalia. Median lobe in left lateral aspect as in Fig. 76. Apical portion short, moder-

ately broad.

For a more extensive description, see Darlington (1934: 1 14).

Geographical distribution. — This species is known only from Santa Clara and Oriente Provinces,

Cuba.

Material examined. — Male, Oriente Province, Gran Piedra Range, 2000-3000 feet above sea

level (MCZ); female, paratype, collected at the type locality.

Geographical affinities. — Specimens of other species of the schwarzi group have been col-

lected at or near the localities at which specimens of P. imitatrix have been collected. Possibly

this species and P. schwarzi are sympatric at Cayamas (Fig. 1 14).

Phloeoxena (sensu stricto) schwarzi Darlington

Phloeoxena schwarzi Darlington, 1934: 1 15. TYPE LOCALITY: Cuba, Cayamas, Santa Clara.

Comparisons. — This species seems to be the most non-descript of West Indian Phloeoxena.

From those with keeled microsculpture meshes, this species is distinguished by a combination

of concolorous dorsum, elytron with only apical portion of stria 7 distinct, and head of average

proportions. Superficially, members of this species look like those of P dealata. The latter,

however, are appreciably smaller (see Table 3), with microsculpture keels less elevated and not

arranged in rows (Fig. 1 14).

Descriptive notes. — Tables 3 to 7 present data on variation in standardized body length and

in ratios Hw/Pwm, Hw/Pl, P: Aw/Bw, and Pl/El.

Microsculpture. Head, dorsum with coarse lines, meshes isodiametric, large, flat. Pronotum,

disc with flat transverse meshes, fine lines; postero-lateral areas with isodiametric beaded meshes,

lines fine. Elytra, meshes elongate, relatively short, high keels, aligned in longitudinally oriented

rows (Lig. 1 14).

Luster. Head, dorsum and disc of pronotum shining; pronotum with postero-lateral areas

Quaest. Ent., 1975, 11 (2)
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dull; dorsum of elytra dull.

Pronotum. As in Fig. 72.

Male genitalia. Median lobe, left lateral aspect, as in Fig. 77. Apical portion short, very

broad. One specimen examined.

For a more extensive description, see Darlington ( 1 934: 1 1 5).

Geographical distribution. — This species is known from Cuba and Haiti, the only member
of the schwarzi group to be so widely distributed (Fig. 1 14).

Material examined. — Nine males, six females, from the following localities. CUBA. Cayamas

(paratypes - MCZ and USNM). HAITI. Roche Croix; Mount La Hotte. DOMINICAN REPUBLIC.

Mount Diego de Ocampo (MCZ).

Geographical affinities. — This species may be sympatric with P. imitatrix in Cuba, and is

parapatric with P. montana in Haiti (Fig. 1 14).

Relationships. — This species and P. portoricensis are probably sister species, based on their

overall similarities and particularly the reduced elytral striation (partial inP. schwarzi, complete

in P. portoricensis) and vicariant distribution. Of these two species, P. schwarzi has the more

plesiotypic character states (Table 22 and Fig. 1 18).

Phloeoxena (sensu stricto) portoricensis Darlington

Phloeoxena portoricensis Darlington, 1939: 99. TYPE LOCALITY: El Yunque, Luquillo

Mountains, Puerto Rico.

Comparisons. — The broad heads and smooth elytra of P. portoricensis specimens distinguish

them readily from the generally similar specimens of P. schwarzi. The only othQx schwarzi

group specimens with smooth elytra are those of P. imitatrix, which however, have bicolored

elytra.

Descriptive notes. — Tables 3 to 7 present data on variation in standardized body length

and in ratios Hw/Pwm, Hw/Pl, P: Aw/Bw, and Pl/El.

Microsculpture and luster. Generally, as described forP schwarzi, but elytral microsculpture

with longer narrower keeled scales (Fig. 1 14).

Elytra. Smooth, without striae.

Male genitalia. Median lobe, left lateral aspect as in Fig. 78. Apical portion short and moder-

ately wide, as in P imitatrix. One specimen dissected.

For a more extensive description, see Darlington (1939: 99).

Geographical distribution. — This species is known only from Puerto Rico; in the east, from

the type locality; and from the west, in the Maricao Forest. The specimens were collected at

an elevation of 3000 feet above sea level, under loose bark during the day, and running on

trunks of dead trees at night.

Material examined. — Five males, three females, from the type locality (MCZ).

Relationships. — This species is probably the apotypic sister species of P schwarzi. For details,

see above.

The picta Group

This group is characterized by a combination of: dorsum bicolored, pale markings of elytra

fasciate, or dorsum concolorous (Fig. 115); microsculpture of elytra of high keeled, linearly

arranged scales, in part or entirely (Fig. 85); inhabiting Middle America from Panama to south-

eastern Mexico.
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Table 3. Data on Variation in Standardized Body Length (mm) among Samples of the P. schwarzi

Species Group, Subgmus Phloeoxena.

Species Name Locality N Range

Males

Mean N Range

Females

Mean

P. costata Cuba' 1 3.20

P. dealata CUBA^ 7 2.82-3.58 3.35 7 3.08-3.60 3.38

P mon tana HAITI^ 2 3.95-4.00 3.98 3 3.38-3.92 3.70

P. plagiata CUBA"' 1 4.00

P. imitatrix CUBA^ 1 3.90 1 3.95

P. schwarzi CUBA^ 1 4.35 1 4.12

HAITI:

Roche Croix 5 3.72-3.98 3.82

Mt. La Hotte 1 3.98 3 3.70-3.98 3.80

Mt.D.Ocampo 2 4.12-4.32 4.22

P. portoricensis PUERTO
/C

5 3.40-4.00 3.71 3 3.40-4.10 3.75

1. Sierra de Cobre, Oriente Prov. 2. Pico Turquino. 3. Mt. La Hotte. 4. Guantanamo. 5. Cayamas.

6. El Yunque.

Table 4. Data on Variation in Values for the Ratio Hw/Pwm Among Samples of theR. schwarzi

Species Group, Subgenus Phloeoxena.

Species Name Locality ^ N Range

Males

Mean N Range

Females

Mean

P. costata CUBA 1 0.85

P. dealata CUBA 7 0.72-0.80 0.77 6 0.74-0.81 0.79

P. montana HAITI 2 0.82-0.83 0.825 3 0.84-0.87 0.86

P. plagiata CUBA I 0.80

P. imitatrix CUBA 1 0.82 1 0.86

P. schwarzi CUBA 1 0.84 1 0.84

HAITI:

Roche Croix 5 0.80-0.86 0.82

Mt. La Hotte 1 0.76 3 0.83-0.87 0.85

Mt.D.Ocampo 2 0.79 0.79

P. portoricensis PUERTO 5 0.84-0.90 0.87 3 0.87-0.92 0.89

RICO

1. See footnotes on Table 3 for additional locality data.
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Table 5. Data on Variation in Values for the Ratio Hw/Pl Among Samples of the P. schwarzi

Species Group, Subgenus Phloeoxena.

Species Name Locality ^ N Range

Males

Mean N Range

Females

Mean

P. costata CUBA 1 1.12

P. dealata CUBA 7 0.97- 1.03 1.00 6 1.00- 1.03 1.01

P. mon tana HAITI 2 0.95-0.97 0.96 3 1.00- 1.09 1.05

P. plagiata CUBA 1 1.09

P. imitatrix CUBA 1 1.00 1 1.09

P. schwarzi CUBA 1 1.08 1 1.15

HAITI:

Roche Croix 5 0.97- 1.06 1.02

Mt. La Hotte 1 1.03 3 1.06 1.06

Mt.D.Ocampo 2 1.00- 1.06 1.03

P. portoricensis PUERTO 5 1.09- 1.13 1.11 3 1.16- 1.21 1.18

RICO

1. See footnotes on Table 3 for additional locality data.

Table 6. Data on Variation in Values for the Ratio P; Aw/Bw Among Samples of the P. schwarzi

Species Group, Subgenus Phloeoxena.

Species Name Locality^ N Range Mean N Range Mean

Males Females

P. costata CUBA 1 0.93

P. dealata CUBA 7 0.91 - 1.00 0.94 7 0.88- 1.00 0.93

P. montana HAITI 2 1.13- 1.21 1.17 3 1.24- 1.39 1.33

P. plagiata CUBA 1 0.89

P. imitatrix CUBA 1 0.94 1 0.94

P. schwarzi CUBA 1 0.90 1 1.00

HAITI:

Roche Croix 5 0.91 -0.94 0.93

Mt. Fa Hotte 1 0.92 3 0.91 -0.97 0.93

Mt.D.Ocampo 2 0.92 0.92

P. portoricensis PUERTO 5 0.94- 1.06 1.00 3 1.03 - 1.04 1.033

RICO

1. See footnotes on Table 3 for additional locality data.
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Table 7. Data on Variation in Values for the Ratio Pl/El Among Samples of the P. schwarzi

Species Group, Subgenus Phloeoxena.

Species Name Locality ^ N Range

Males

Mean N Range

Females

Mean

P. costata CUBA 1 0.30

P. dealata CUBA 7 0.32-0.35 0.33 7 0.33-0.35 0.34

P. montana HAITI 2 0.37-0.38 0.375 3 0.35-0.36 0.353

P. plagiata CUBA 1 0.31

P. imitatrix CUBA 1 0.35 1 0.33

P. schwarzi CUBA 1 0.33 1 0.34

HAITI:

Roche Croix 5 0.32-0.34 0.33

Mt. La Hotte 1 0.33 3 0.31 -0.32 0.316

Mt.D.Ocampo 2 0.29-0.31 0.30

P. portoricensis PUERTO 5 0.32-0.33 0.326 3 0.30-0.31 0.306

RICO

1. See Footnotes on Table 3 for additional locality data.

Phloeoxena (sensu stricto) megalops Bates

This name is used for three geographically widely separated groups of specimens suspected

to be conspecific, but differing sufficiently from one another to suggest that they are taxonomic-

ally distinct. Hence, they are treated as subspecies.

The cruciate pale mark on the elytra, relatively large eyes and moderately developed apical

portion of the median lobe distinguish members of this species from other members of Phloeoxena.

Description. - Tables 8 to 12 present data on variation in standardized body length and in

ratios Hw/Pw, Hw/Pl, P; Aw/Bw and Pl/El.

Color. Following black or piceous: ventral surface, head and pronotum, prothoracic epi-

pleura and portions of elytra as indicated in Fig. 93 and 1 15:1. Following flavous: elytral

epipleura, vermiculate markings of elytra (as in Fig. 93 and 1 15: 1) joined medially in form

of cross, legs and antennae. Palpi infuscated or flavous.

Microsculpture. Head and lateral areas of pronotum with meshes isodiametric, beaded,

pronotum medially with meshes transverse, wide, beaded. Elytra with meshes costate, long,

arranged in parallel longitudinal rows, or each elytron posteriorly with patches of isodiametric

microsculpture, meshes flat (Fig. 85 A-D).

Luster. Generally slightly shining, elytra either uniformly silky or with shiny areas postero-

medially.

Head. Average for subgenus, eyes more prominent than usual (indicated by relatively high

values for ratio Hw/Pl).

Thorax. Pronotum as in Fig. 79, more strongly sinuate than in other fasciate species of sub-

genus. Metathorax normal, metepisternum with lateral margin clearly longer than anterior mar-

gin.

Elytra. Humeri not strongly sloped, preapical margin markedly sinuate, apical angles acute.

Disc with 3 setigerous punctures per elytron.

Hind wings. Fully developed.

Quaest. Ent., 1975, 11 (2)
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Male genitalia. Median lobe as in Fig. 82 A and B, apical portion longer than in P. nigri-

collis, but shorter than in P. limbicollis.

Geographical distribution. — The range of this species extends from northwestern Guatemala

to Panama (Fig. 86).

Phloeoxena megalops megalops Bates

Phloeoxena megalops Bates, 1883: 177, plate 7, Fig. 12. HOLOTYPE male, labelled: “Type

H.T. [circular label, ringed with red]
;
Cerro Zunil 4-5000 ft. Champion, BCA Col 1. 1

Phloeoxena megalops. Bates; Phloeoxena megalops Bates [handwritten] ”. (BMNH). TYPE
LOCALITY. Cerro Zunil, Departmento Quezaltenango, Guatemala.

Comparisons. — The predominantly dark, uniformly microsculptured elytra and pale palpi

distinguish members of this subspecies from those of the other subspecies of Phloeoxena mega-

lops.

Geographical distribution. — Known from the type locality, only.

Material examined. - Two exx., Cerro Zunil, GUATEMALA (BMNFl and MNHP).

Phloeoxena megalops erwinorum, new subspecies

Comparisons. — The combination of infuscated palpi and predominantly dark color of elytra,

the latter each with a preapical shiny spot, distinguish members of this subspecies from other

members of jP. megalops.

Description. — Tables 8 to 12 present data on variation in mensural characteristics.

Color. Palpi infuscated. Pattern of elytra as in Fig. 115:1. Otherwise, as described for species.

Microsculpture and luster. As described for species, except each elytron with shiny area of

isodiametric flat meshes.

Elytra. As described for species, except surface sharply depressed posterior to shiny area.

Type material. — HOLOTYPE male and ALLOTYPE female labelled: COSTA RICA, Puntearenas,

l. 5 km NE Monteverde, along antenna road, 10°19'N, 84°44'W, 1500-1700 mts., 10 June 1973;

beneath loose bark-stump; No. 49, Notebook No. 2; T. L. and L. J. Erwin; Erwin and Hevel

Central American Expedition; ADP 00795 (holotype) and ADP 00796 (allotype) (USNM).

Additional PARATYPES seven, six collected by the Erwins on the Erwin-Hevel Central Amer-

ican Expedition, state of Puntearenas, Costa Rica, data in Notebook No. 2: two females, same

data as for holotype; male and female, 2. 0-3.0 km E. Monteverde, on divide road, 1500-1600

m, 10®18'N, 84°48'W, June 9, 1973, beneath loose bark, male, Monteverde, 10°18‘'N, 84°49^W,

1390m, June 1 1, 1973, No. 52, on trees at night; male, Monteverde, road to electric plant,

10°18'N, 84°49'W, 1380m, June 12, 1973, No. 53, beneath loose bark-stump; and male,

COSTA RICA, LaPalma, January 1, 1929, under loose bark, F. Nevermann (USNM).

Disposition of type material. — The holotype, allotype and five other paratypes are in the

USNM; a male and female paratype are in the UASM.
Derivation of specific epithet. — From the surname of the indefatigable and enthusiastic

collectors of most of the type series, my good friends, Terry and LaVerne Erwin.

Geographical distribution. — This subspecies is known from western and central Costa Rica,

from an elevation of about 3500 to 6000 feet above sea level (Fig. 86).

Habitat. - According to Dr. Erwin, the beetles were collected in lower montane rain and

wet forest and premontane wet forest, under or on the bark of dead trees. They were collected

in the company of members of the following carabid genera: Tachymenis, Pachy teles and

Stenoglossa.
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Phloeoxena megalops chiriquina Bates

Phloeoxena megalops var. chiriquina Bates, 1883: 177. HOLOTYPE female, labelled: V de

Chiriqui, 2-3000 ft. Champion; BCA Col. 1.1, Phloeoxena megalops. Bates; Ph. megalops v.

chiriquina Bates [handwritten]
.
(BMNH).

Comparisons. - The single known specimen of this subspecies is recognized by a combination

of: pale palpi and elytra with a very wide anterior fascia (Fig. 93), without a shiny area pos-

teriorly.

Geographical distribution. — See Fig. 86.

Phloeoxena (sensu stricto) limbicollis Bates, new status

Phloeoxena graphiptera var. limbicollis Bates, 1884: 295. HOLOTYPE male, labelled: “Bugaba,

Panama Champion; BCA Col 1.1, Phloeoxena graphiptera, Chaud; Phloeoxena graphiptera v.

limbicollis [handwritten]. (BMNH). TYPE LOCALITY. Bugaba, Panama.

Comparisons. — Members of this species are readily distinguished from other members of

Phloeoxena having fasciate elytra by the absence of the anterior pair of discal setae of the

elytra. The apical portion of the male median lobe is much broader than in any other species

of the subgenus Phloeoxena (Fig. 83; cf. Fig. 84).

Description. — Tables 8 to 12 present data on variation in mensural characteristics.

Color. As described for P. nigricollis, except pronotum laterally with pale markings extended

from base to apex.

Microsculpture and luster. As described for P. nigricollis.

Head. Average for subgenus.

Thorax. Pronotum as in Fig. 80 Metathorax of normal size, metepisternum with lateral

margin longer than anterior margin.

Elytra. Form as in Fig. 115:2, each elytron with 2 discal setigerous punctures, apical angles

acute, sides not strongly rounded.

Hind wings. Fully developed.

Male genitalia. Median lobe as in Fig. 83, apical portion large, apex with keel.

Geographical distribution. — The known range of this species extends from Panama north

to Costa Rica. Nothing is recorded, but it probably inhabits lowland tropical forests.

Material examined. — Eleven exx., including the type, from the following localities. COSTA
RICA. “Costa Rica” (BCA coll, BMNH); Hamburg Farm, Revantazon, Limon plain, January-

November, Nevermann (BMNH and USNM); Chontales (Bates coll., MNHP); Canas Gordas

(BMNH). PANAMA. Type locality only.

Geographical affinities. — The known range of this species overlaps that of P. megalops, but

these species have not been collected in the same locality.

Relationships. — See discussion of this topic under P nigricollis.

Phloeoxena (sensu stricto) nigricollis, new species

Comparisons. — Members of this species share with those of P. limbicollis Bates, P. p. batesi

new subspecies, P p. franiae new subspecies and P. p. picta Chaudoir a similar color pattern

of the elytra (cf. Fig. 115: 2, 3 and 4), but each elytron bears three distal setigerous punctures

(only two in P. limbicollis specimens), and hind wings and metepisternum are fully developed

(in members of P. picta these structures are reduced).

Description. - Tables 8 to 12 present data on variation in standardized body length and in

ratios Hw/Pw, Hw/Pl, P: Aw/Bw and Pl/El.

Quaest Ent., 1975, 11 (2)
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Fig. 79-81. Pronotum, dorsal aspect. Fig. 79. Phloeoxena megalops megalops Bates. Fig. 80. Phloeoxena limbicollis Bates.

Fig. 81. Phloeoxena nigricollis, new species. Fig. 82-84. Male genitalia, median lobe. Fig. 82. Phloeoxena megalops megalops

Bates: A, left lateral aspect; B, ventral aspect, Fig. 83. Phloeoxena limbicollis Bates, left lateral aspect. Fig. 84. Phloeoxena

nigricollis, new species: left lateral aspect.

Color. Following black or piceous: ventral surface, head and pronotum, and portions of

elytra as indicated in Fig. 115:2a. Following flavous: pronotal and elytral epipleura, vermiculate

markings of elytra (Fig. 1 1 5:2a) and appendages.

Microsculpture. Head with meshes isodiametric, beaded. Pronotum with meshes coarse,

beaded, disc with meshes isodiametric to transverse, laterally meshes isodiametric. Elytra with

meshes keeled, elongate longitudinally (cf. Fig. 85).

Luster. Generally slightly shining, elytra uniformly silky.

Head. Average for genus.

Thorax. Pronotum as in Fig. 81, laterally with two pairs of setae. Metathorax of normal size,

metepisternum with lateral margin longer than anterior margin.

Elytra, Humeri moderately rounded; preapical sinuation well developed; apical angles acute;

discal setigerous punctures 3 per elytron.

Hind wings. Fully developed.

Male genitalia. Median lobe as in Fig. 84, apical portion short and narrow.

Type material. — HOLOTYPE male, labelled: MEXICO, Chiapas, San Quentin, 16°24'N,

91°20'W, 700' above sea level, February 15-20, 1966; D. R. Whitehead and G. E. Ball. PARA-
TYPES 8 all from GUATEMALA, male, 2 females Trece Aguas, Cacao, March 27-29, Schwarz

and Baker (USNM); male, Trece Aguas, April 6, E. A. Schwarz (USNM): male, Temahu, Vera

Paz, Champion (BMNH); female, San Juan, Vera Paz, Champion (BMNH); female, Chiacaman,

Vera Paz, Champion (BMNH).

Disposition of type material — The holotype is in USNM, and paratypes are in the institutions

indicated above.

Derivation of the specific epithet. — Latin, niger, black; collis, neck; alludes to the uniformly
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ELYTRAL MICROSCULPTURE OF
Phloeoxena megalops erwinorum

DORSAL ASPECT LATERAL ASPECT

AREA

BASAL

85
Fig. 85. Phloeoxena (sensu stricto) megalops erwinorum, new subspecies. Stereoscan photographs of elytral microsculpture.
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dark dorsum of the prothorax.

Note on habitat. — The holotype and a female now without a head and not included in the

type series, were collected under loose bark of a living tree, in a rain forest.

Geographical distribution. — This species is known only from southern Mexico and Guate-

mala (Fig. 86).

Geographical affinities. — This low altitude species is allopatric in relation to the other

macropterous species of subgenus Phloeoxena. The only known locality for the brachypterous

P. p. franiae is within the range of P. nigricollis, but the two are probably parapatric, with the

former species living at higher elevations.

Relationships. — Probably this species and P. limbicollis are sister species, with the latter

having more apotypic character states than the former. These two species probably shared

a common ancestry with P. picta (Fig. 1 1 8).

Fig. 86. Map, showing the geographical distribution of the species of the Phloeoxena (sensu stricto) megalops complex.

Phloeoxena (sensu stricto) picta Chaudoir

This name is used for five groups of specimens that are probably taxonomically distinct from

one another.

The short elytra, bi- or concolorous, with rounded humeri (Fig. 115: 2c-6), and short metepi-

sternum distinguish specimens of this species from the other members of subgenus Phloeoxena.

Description. — Tables 8 to 1 2 present data on variation in standardized body length and in

ratios Hw/Pw, Hw/Pl, P: Aw/Bw, and Pl/El.
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Color. Following black or piceous: ventral surface, head and pronotum (pale laterally in

some individuals), and prothoracic epipleura. Elytra and appendages various. For details, see

below and Fig. 94 and 1 1 5.

Microsculpture. Elytra with linearly arranged keeled scales, otherwise as described for sub-

genus.

Luster. Generally slightly shining, elytra uniformly silky.

Head. Average for subgenus, but eyes more or less reduced, (indicated by relatively low

values for ratio Hw/Pl).

Thorax. Pronotum as in Fig. 87 to 90. Metathorax reduced, metepisternum with lateral mar-

gin subequal in length to anterior margin.

Elytra. Humeri broadly rounded (Fig. 115: 3 to 115: 5), preapical margin sinuate, apical

angles acute. Disc with three setigerous punctures per elytron.

Hind wings. Reduced to short stubs.

Male genitalia. Median lobe as in Fig. 91 and 92, apical portion short and more or less broad-

ly rounded, slightly larger than in P. nigricollis.

Geographical distribution. - The range of this species extends from northern Guatemala to

southeastern Veracruz, Mexico (Fig. 70).

Geographical affinities. — The southern portion of the range of this species is overlapped

by the northern portions of the ranges of P. nigricollis and P. megalops, but P. picta is not

known to be sympatric with any other species of subgenus Phloeoxena.

Relationships. — Some members of this species share same color pattern of the elytra with

the more plesiotypic P. nigricollis and P. limbicollis, and the same form of genitalia with P.

nigricollis. The absence of hind wings establishes the apotypic position of P. picta. I regard this

species as the apotypic sister species of the stock that gave rise to P. nigricollis and P. limbicollis.

Phloeoxena picta batesi, new subspecies

Phloeoxena graphiptera var.. Bates, 1883: 177. A female, labelled: “S. Geronimo, Guatemala

Champion; BCA Col 1.1, Phloeoxena graphiptera, Chaud; Phloeoxena graphiptera var. [hand-

written] . TYPE LOCALITY. San Geronimo, Guatemala.

Note on type material. — Bates selected this specimen as being distinct at the variety level

from specimens of typical P. graphiptera (conspecific with P. picta), and P. g. var. limbicollis.

Because he did not provide a name for this “variety” which seems to represent a distinct sub-

species, one is provided here.

Comparisons. — The single specimen of this subspecies has the same color pattern of elytra

as have some members of P. p. picta, but has relatively larger eyes and longer elytra.

Description. — See Tables 8 to 12 for mensural data. Elytral color pattern as in Fig. 115:3.

Following flavous: ventral surface medially, appendages and elytral epipleura. Microsculpture

and luster as described for species except dark preapical area of elytra with meshes more or less

isodiametric, flat, surface more shining.

Derivation ofsubspecific epithet. — From the surname of H. W. Bates, who recognized the

distinctness of this specimen, but neglected to name its taxon.

Geographical affinities. — The single locality (Fig. 70) is the southernmost for this species,

and is close to the locality of P. p. franiae.

Relationships. — Because of its relatively plesiotypic body proportions and color pattern,

and its proximity to the ranges of the more plesiotypic P. nigricollis and P. limbicollis, I regard

P. p. batesi as closest to the ancestral stock of P. picta.

Quaest. Ent., 1975, 11 (2)
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Phloeoxena picta franiae, new subspecies

Comparisons. — Members of this subspecies are similar to those of P. p. apicalis, differing

in size (smaller, on average), development of elytral markings (in P. p. franiae specimens, an-

terior fascia more complete, posterior fascia narrower), and in color of femora (infuscated in

P. p. franiae, uniformly pale in P. p. apicalis). Specimens of P. p. franiae are also similar in

elytral pattern to some specimens of P. p. picta, but in the latter the fasciae are wider (Fig.

115: 4; cf. Fig. 94).

Description. — See Tables 8 to 12 for mensural data. Elytral color pattern as in Fig. 115: 4.

Elytral epipleura and appendages flavous except infuscated basal halves of femora.

Type material. — HOLOTYPE male, labelled: GUATEMAEA Dpto. Huehuetenango,

Cuchumatanes Mts., 5.6 mi. n. Santa Cruz Barillas, 1280m, VIIL7-8.74; D. R. Whitehead, H.

E. Frania, G. E. Ball collectors. PARATYPES (including ALLOTYPE) 2 males, 4 females,

labelled same as holotype.

Disposition of type material. — The holotype and allotype are in USNM. A single paratype

is in the collections of each of the following institutions: BMNH, IPNM, MNHP, MCZ, UASM,
and USNM.

Notes on habitat. — The specimens were collected in tropical montane forest, from moss

on standing trees, living or dead. The branches of the higher trees formed an unbroken canopy,

and the area beneath was well shaded.

Derivation of the subspecific epithet. — A patronymic, based on the surname of Henry E.

Frania, my field assistant, who collected the first specimens.

Geographical affinities. — Probably P. p. franiae and P. nigricollis are parapatric, with the

latter species occurring at lower elevations. The range of P. p. franiae is closest to that of P. p.

batesi, but is in the same general mountain system as is the range of P. p. unicolor (Fig. 70).

Relationships. — This subspecies is probably the sister group of P. p. unicolor, based on the

geographical affinities of the two forms and on their reduced color pattern of the elytra.

Phloeoxena picta unicolor Chaudoir, new combination

Phloeoxena unicolor Chaudoir, 1869a: 148. HOLOTYPE male, in Oberthiir Box 126, in front

of this box label: unicolor Chaud Mexique A. Deyrolle. Specimen labelled: Mexique [hand-

written]
;
A. Deyrolle [handwritten]

;
Ex Musaeo Chaudoir [red print]

.
(MNHP). TYPE

LOCALITY. Mexico. - Bates, 1883: 177.

Note on type material. - The data associated with the holotype coincide with the data in

the original description.

Comparisons. — The largest known specimens of subgenus Phloeoxena are included in this

subspecies. The uniformly piceous dorsal surface distinguish members of this subspecies from

all others.

The holotype is substantially smaller than the specimens collected in Chiapas, but I did not

take exact measurements of the former specimen. It was otherwise identical with the other

examples included in this subspecies.

Description. - (details based on two males, collected in Chiapas, Mexico. A third male from

which the elytra were removed for stereoscan microscope study of microsculpture was not used

for measurements). See Tables 8 to 12 for mensural data. Color generally rufo-piceous to piceous,

except rufous antennae and palpi. Eyes flattened, as indicated by low values for ratio Hw/Pl

(Table 10). Median lobe of male genitalia as in Fig. 92.

Geographical distribution. — This species is known only from the state of Chiapas, Mexico

(Fig. 70).
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Notes on habitat. - The specimens were collected in cloud forest, both in litter on the

ground and under bark of a fallen tree.

Material examined. — Three males (including the holotype), one female, all from Mexico.

CHIAPAS. Rte. 195, 11.5 mi. n. Pueblo Nuevo, 5200'. April 26-27, 1966, Ball and Whitehead,

(UASM). Yerba Buena Hospital, 1.5 mi. n. Pueblo Nuevo, 7200'; cloud forest, June 21, 1972,

Ball and P. A. Meyer (UASM).

Geographical affinities. — The range of this subspecies is adjacent to that of P. p. franiae

(see above, and Fig. 70). No other species of subgenus Phloeoxena has been collected in the

same localities.

Relationships. — The geographical proximity and general stnictural similarities of this sub-

species and P. p. franiae are taken as evidence of sister group status for these two.

Phloeoxena picta picta Chaudoir

Phloeoxena picta Chaudoir, 1869a: 145. Type material, 4 exx. in front of this box label: picta

Chaud Mexique Salle. LECTOTYPE male (here selected), first specimen, labelled: “Ex

Musaeo Chaudoir” [red print] (MNHP). TYPE LOCALITY. Mexico. - Bates, 1883: 176.

Phloeoxena graphiptera Chaudoir, 1869a: 147. Type material, 3 exx. in Oberthiir Box 126,

in front of this box label; graphiptera Chaud, Mexique, Salle. LECTOTYPE male (second

specimen, here selected), labelled: Ex Musaeo Chaudoir [red print] (MNHP). PARATYPES,
2 females, labelled same as lectotype. TYPE LOCALITY. Mexico. — Bates, 1883: 177 (in

part). NEW SYNONYMY.
Notes on type material. — Data associated with the specimens of P. graphiptera and P. picta

in the Oberthiir collection coincide with information provided in the original descriptions.

Notes on synonymy. - The only difference between the sympatric P. graphiptera and P.

picta is that the elytra of the former specimens have well developed parasutural spots because

of the more extensive development of the anterior fasciae (Fig. 115 : 2). The parasutural spots

are lacking from the elytra of specimens of P. picta (Fig. 94). Otherwise, the two groups of

specimens are virtually identical and thus, I conclude, are conspecific. Because the two forms

are sympatric, I conclude that they are also consubspecific.

Comparisons. — Some members of this subspecies share with those of P. p. batesi a vermiculate

color pattern complete with parasutural spots. However, the elytra are relatively shorter in P.

p. picta ih2in in P. p. batesi (values for ratio Pl/El higher in the latter — see Table 1 2), and the

eyes are less prominent in P. p. picta (value for ratio Hw/Pwm lower — see Table 9). Members

ofR p. picta lacking parasutural spots resemble members of P. p. franiae, but the vermiculate

markings of the latter are narrower and the pronotum is generally all black.

Description. — Elytral pattern as in Fig. 94 and 115: 2. Following flavous: pronotal and

elytral epipleura, posterior-lateral areas of pronotum, and appendages. Median lobe of male

average for species.

Geographical distribution. — This subspecies is known only from southeastern Mexico, on

the lower slopes of Volcan Orizaba in Veracruz (Fig. 70).

Material examined. — Nineteen specimens, including the type series, from the following

localities: MEXICO, Veracruz - Cordova, Salle Coll. (BMNH); Jalapa (BMNH and UAIC);

and Las Vigas (BMNH).

Geographical affinities. — This is the northernmost subspecies of Phloeoxena picta, and its

geographical range is near that of P. p. apicalis.

Relationships. — Probably this subspecies and P. p. apicalis are sister groups. Both exhibit

apotypic color patterns: P. p. picta, with a bicolored pronotum; andR. p. apicalis with reduced

elytral markings.

Quaest. Ent, 1975, 11 (2)



202 Ball

Phloeoxena picta apicalis, new subspecies

Comparisons. — Members of this subspecies share with those of P. p. unicolor predominantly

dark elytra and flattened eyes but differ by having some clearly defined pale marks on the

elytra (Fig. 115: 5).

Description. — See Tables 8 to 12 for mensural data. Elytra bifasciate, but anterior fascia

broken and faint, and posterior one broad, very close to apical margin (Fig. 115: 5). Appendages

flavous, body otherwise mfopiceous. Eyes less prominent than average, indicated by low value

for ratio Hw/Pl (Table 10).

Type material. - HOLOTYPE female, labelled: MEXICO Oaxaca, 16.9 mi. s. Valle Nacional,

3600', May 4-5, 1966, Ball and Whitehead (USNM). PARATYPE Female, same locality as for

holotype, but collected August, 1965 (UASM).

Derivation of specific epithet. — An adjectival form of apex (Latin for tip), in allusion to

the proximity of the posterior elytral vermiculation to the apex of the elytra.

Note on habitat. — The specimens were collected in a montane cloud forest, in litter near

a small depression in the ground that intermittently holds water. By analogy with the habits

of Phloeoxena herculeano, members of this subspecies probably live both on the ground and

in moss on tree trunks.

Geographical affinities. — This is the only taxon of subgenus Phloeoxena known from Oaxaca

(Fig. 70), and this subspecies and P. p. picta are the only taxa of this subgenus known from

north of the Isthmus of Tehuantepec.

Relationships. — See discussion of this topic under P. p. picta.

Table 8. Data on Variation in Standardized Body Length (SBL) (mm) Among Samples of the

P. picta Species Group, Subgenus Phloeoxena.

Species Name Locality N Range

Males

Mean N Range

Females

Mean

P. m. megalops Cerro Zunil, Guat. 1 4.08

P. m. erwinonim Puentearenas, C.R. 4 4.20-4.32 4.28 4 3.16-4.28 4.08

La Palma, C.R. 1 3.88

P. m. chiriquina Vol.de. Chiriqui, Pan. 1 3.80

P. limbicollis Revantazon, C.R. 4 4.08-4.32 4.23 4 3.84-4.32 4.08

Cafias Gordas, C.R. 1 4.56

Bugaba, Panama 1 4.32

P. nigricollis San Quentin, Mex. 1 3.68

Trece Aguas, Guat. 2 3.96-4.16 4.03 2 3.32-3.48 3.40

Livingston, Guat. 1 3.24

Temahu, Guat. 1 3.96

San Juan, Guat. 1 3.88

Chiacaman, Guat. 1 3.68

P. p. batesi S. Geronimo, Guat. 1 3.60

P. p. franiae S.C. Barillas, Guat. 3 3.64-4.00 3.80 4 3.60-4.20 3.90

P. p. unicolor Pueblo Nuevo, Mex. 2 5.68-5.84 5.76 1 6.44

P. p. picta Cordova, Mex. 1 4.08 1 3.80

Jalapa, Mex. 2 4.24-4.40 4.32 1 4.20

P. p. apicalis VaUe Nacional, Mex. 2 4.00 - 4.48 4.24
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Table 9. Data on Variation in Values for the Ratio Hw/Pwm Among Samples of the P. picta

Species Group, Subgenus Phloeoxena

Species Name Locality N Range

Males

Mean N Range

Females

Mean

P. m. megalops Cerro Zunil, Guat. 1 0.90

P. m. erwinorum Puentearenas, C.R. 4 0.93-1.00 0.98 4 0.96 - 1.04 0.99

La Palma, C.R. 1 0.96

P. m. chiriquina Vol. de Chiriqui, Pan. 1 0.92

P. limbicollis Revantazon, C.R. 3 0.87-0.92 0.90 4 0.88-0.92 0.90

Canas Gordas, C.R. 1 0.87

Bugaba, Pan. 1 0.83

P. nigricollis San Quentin, Mex. 1 0.88

Trece Aguas, Guat. 2 0.85-0.86 0.855 2 0.87-0.88 0.875

Livingston, Guat. 1 0.86

Temahu, Guat. 1 0.85

San Juan, Guat. 1 0.89

Chiacaman, Guat. 1 0.88

P. p. batesi San Geronimo, Guat. 1 0.88

P. p. franiae S.C. Barillas, Guat. 3 0.79-0.88 0.83 4 0.83-0.88 0.86

P. p. unicolor Pueblo Nuevo, Mex. 2 0.82-0.84 0.83 1 0.78

P. p. picta Cordova, Mex. 1 0.84 1 0.82

Jalapa, Mex. 2 0.78-0.83 0.80 1 0.79

P. p. apicalis Valle Nacional, Mex. 2 0.79-0.80 0.795

Table 10. Data on Variation in Values for the Ratio Hw/Pl Among Samples of the P. picta

Species Group, Subgenus Phloeoxena.

Species Name Locality N Range

Males

Mean N Range

Females

Mean

P. m. megalops Cerro Zunil, Guat. 1 1.24

P. m. erwinorum Puentearenas, C.R. 4 1.17 - 1.27 1.23 4 1.24-1.33 1.27

La Palma, C.R. 1 1.25

P. m. chiriquina Vol. de Chiriqui, Pan. 1 1.32

P. limbicollis Revantazon, C.R. 4 1.09-1.14 1.12 4 1.09-1.13 1.105

Canas Gordas, C.R. 1 1.04

Bugaba, Panama 1 1.09

P. nigricollis San Quentin, Mex. 1 1.16

Trece Aguas, Guat. 2 1.04-1.10 1.07 2 1.10-1.11 1.105

Livingston, Guat. 1 1.11

Temahu, Guat. 1 1.05

San Juan, Guat. 1 1.10

Chiacaman, Guat. 1 1.15

P. p. batesi S. Geronimo, Guat. 1 1.05

P. p. franiae S.C. Barillas, Guat. 3 0.92-0.96 0.94 4 0.96- 1.00 0.99

P. p. unicolor Pueblo Nuevo, Mex. 2 0.96 - 1.07 1.02 1 1.00

P. p. picta Cordova, Mex. 1 1.00 1 1.00

Jalapa, Mex. 2 0.93-0.97 0.95 1 1.04

P. p. apicalis VaUe Nacional, Mex. 2 0.93-1.04 0.985
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Table 1 1. Data on Variation in Values for the Ratio P: Aw/Bw Among Samples of the P. picta

Species Group, Subgenus Phloeoxena.

Species Name Locality N Range

Males

Mean N Range

Females

Mean

P. m. megalops Cerro Zunil, Guat. 1 1.05

P. m. erwinomm Puentearenas, C.R. 4 1.00-1.05 1.025 4 1.00-1.10 1.05

La Palma, C.R. 1 1.05

P. m. chiriquina Vol. de Chixiqui, Pan. 1 1.00

P. limbicollis Revantazon, C.R. 3 1.00 1.00 4 1.00-1.05 1.025

Canas Gordas, C.R. 1 1.00

Bugaba, Panama 1 1.09

P. nigricollis San Quentin, Mex. 1 1.00

Trece Aguas, Guat. 2 0.95 - 1.04 1.00 2 1.00 1.00

Livingston, Guat. 1 1.00

Temahu, Guat. 1 0.87

San Juan, Guat. 1 1.00

Chiacaman, Guat. 1 1.07

P. p. batesi S. Geronimo, Guat. 1 1.12

P. p. franiae S.C. Barillas, Guat. 3 1.00 1.00 4 1.10-1.18 1.12

P. p. unicolor Pueblo Nuevo, Mex. 2 0.96-1.07 1.02 1 1.00

P. p. picta Cordova, Mex. 1 1.00 1 1.00

Jalapa, Mex. 2 0.87-1.00 0.94 1 0.96

P. p. apicalis Valle Nacional, Mex. 2 1.09

Table 12. Data on Variation in Values for the Ratios Pl/El Among Samples of the P. picta

Species Group, Subgenus Phloeoxena.

Species Name Locality N Range

Males

Mean N Range

Females

Mean

P. m. megalops Cerro Zunil, Guat. 1 0.32

P. m. erwinomm Puentearenas, C.R. 4 0.32-0.33 0.33 4 0.31-0.33 0.32

La Palma, C.R. 1 0.32

P. m. chiriquina Vol. de Chiriqui, Pan. 1 0.31

P. limbicollis Revantazon, C.R. 3 0.33-0.34 0.34 4 0.33-0.34 0.335

Canas Gordas, C.R. 1 0.34

Bugaba, Panama 1 0.33

P. nigricollis San Quentin, Mex. 1 0.32

Trece Aguas, Guat. 2 0.33-0.34 0.335 2 0.33 0.33

Livingston, Guat. 1 0.35

Temahu, Guat. 1 0.32

San Juan, Guat. 1 0.32

Chiacaman, Guat. 1 0.32

P. p. batesi S. Geronimo, Guat. 1 0.35

P. p. franiae S.C. Barillas, Guat. 3 0.39-0.43 0.410 4 0.38-0.40 0.39

P. p. unicolor Pueblo Nuevo, Mex. 2 0.36-0.39 0.375 1 0.35

P. p. picta Cordova, Mex. 1 0.39 1 0.38

Jalapa, Mex. 2 0.39-0.41 0.40 1 0.38

P. p. apicalis Valle Nacional, Mex. 2 0.36-0.39 0.375
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Fig. 87-90. Pronota, dorsal aspect. Fig. 87. Phloeoxena picta batesi, new subspecies. Fig. 88. Phloeoxena picta franiae, new

subspecies. Fig. 89. Phloeoxena picta unicolor Chaudoir. Fig. 90. Phloeoxena picta apicalis, new subspecies. Fig. 91-92. Male

genitalia, median lobe, left lateral aspect. Fig. 91. Phloeoxena picta franiae, new subspecies. Fig. 92. Phloeoxena picta unicolor

Chaudoir. Fig. 93-94. Left elytron, color pattern. Fig. 93. Phloeoxena megalops chiriquina Bates. Fig. 94. Phloeoxena picta

picta Chaudoir.

Subgenus Oenaphelox, new subgenus

TYPE SPECIES: Coptodera signata Dejean, 1825 (here selected).

Characteristics are: Color of dorsal surface uniform piceous or bicolored piceous and flavous

(Fig. 16 and 17); microsculpture of elytra with meshes elongate, scale-like, flat (Fig. 104 A-D)

and in contact laterally, or keeled, not in contact laterally (Fig. 102 and 104 E-F); internal sac

Quaest. Ent., 1975, 11 (2)
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of male genitalia with one to nine spines (Fig. 96 A, 98, 101, 107-1 10).

Classification. — The four included species are arranged in two groups: pluto group, with

P. pluto; and the signata group, with P. undata Chaudoir, P. geniculata Chaudoir, and P. signata

Dejean.

The pluto Group

This group is characterized by a combination of: color black (including palpi and antennae);

microsculpture of dorsum more or less isodiametric, meshes flat; pronotum with sides sinuate,

hind angles well developed; male genitalia with median lobe short and broad, apical portion

in lateral aspect short; internal sac of male genitalia with armature weakly developed.

Phloeoxena (Oenaphelox) pluto, new species

Comparisons. — The completely black color of the body and appendages distinguishes the

only known specimen of this species from members of all other species of Phloeoxena. Ad-

ditional features of use in identification are the markedly sinuate sides of the pronotum and

internal sac of male genitalia with slightly sclerotized spines. Within the Phloeoxena,

the body is relatively wide and short as indicated by values for the ratios Hw/Pwm, and Hw/Pl

(Tables 14 and 1 5).

Description. - Tables 13 to 17 present data on variation in standardized body length and in

ratios Hw/Pwm, Hw/Pl, P: Aw/Bw, and Pl/El.

Color. Black, except dark piceous tarsal articles.

Microsculpture. Meshes more or less isodiametric, flat, meshes on head larger than those on

pronotum and elytra.

Luster. Dorsum shining.

Head. Eyes prominent, bulged.

Pronotum. As in Fig. 95, transverse; anterior margin moderately incurved; lateral margins

markedly sinuate posteriorly; anterior angles prominent, rounded; posterior angles acute; sides

broadly reflexed.

Elytra. In form average for subgenus, but apical margins more strongly sinuate in other

species of Oenaphelox; striae shallow, broad; intervals feebly convex, more convex posteriorly.

Punctation average for subgenus.

Male genitalia. Median lobe as in Fig. 96 A and B, short and broad, with apical portion in

lateral aspect short. Internal sac with armature weakly developed: one short, blunt spine, one

lightly sclerotized area.

Type material. — Holotype (only known specimen) labelled: Panama Pwa Prov., Cerro

Campana, 850 m, 8°40'N, 79°56'W, 29 Mar. 72, Blvin, ADP 33344 (USNM).

Derivation of specific epithet. — From classical mythology, for the god of the Underworld,

in allusion to the funereal color of the holotype.

Geographical affinities. — The single locality for this species is possibly within the southern

limits of the range of P. signata, but is far south of the known range of the other species of

subgenus Oenaphelox (Fig. 103).

Relationships. — This species is the most distinctive of the subgenus Oenaphelox, and is

probably the most plesiotypic. Although the prothorax is relatively short and broad, the hind

angles are distinct. The microsculpture is plesiotypic, and the median lobe is like that of males

of subgenus Phloeoxena. The rudimentary armature of the internal sac suggests the beginning

of a trend, leading to the more complex armature exhibited by other members of Oenaphelox.
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The signata Group

This group is characterized by a combination of: palpi and antennae pale; dorsum usually

bicolored; male genitalia with median lobe slender, elongate, apical portion in lateral aspect

well developed, internal sac with several large spines.

Fig. 95-96. Phloeoxena (Oenaphelox) pluto, new species. Fig. 95. Pronotum, dorsal aspect. Fig. 96. Male genitalia, median lobe,

and armature of internal sac: A. left lateral aspect; B. ventral aspect. Fig. 97-98. Phloeoxena (Oenaphelox) undata Chaudoir.

Fig. 97. Pronotum, dorsal aspect. Fig. 98. Male genitalia, median lobe, and armature of internal sac, left lateral aspect. Fig.

99-101. Phloeoxena (Oenaphelox) genieulata Chaudoir. Fig. 99. Right maxilla and labium, ventral aspect. Fig. 100. Pronotum,

dorsal aspect. Fig. 101. Median lobe and armature of internal sac: A. left lateral aspect; B. ventral aspect.

Quaest. Ent., 1975
,
11 ( 2 )



208 Ball

Phloeoxena (Oenaphelox) undata Chaudoir

Phloeoxena undata Chaudoir, 1869a: 147. HOLOTYPE female, in Oberthiir Box 126, labelled:

Ex Musaeo Chaudoir [red print] , in front of this box label: undulata Chaud Mexique Salle.

(MNHP). TYPE LOCALITY. Mexico. - Bates, 1883: 177.

Note on type material — The data on the box label coincide only partly with the information

in the original description: Salle is recorded in both, but the specific epithet differs. Nonethe-

less, the characters of the type specimen agree with the description, and the name P. undulata

has not been published; thus I have no doubt about the identification.

Comparisons. — In addition to color characteristics, specimens of P. undata are distinguished

from members of the other species of subgenus Oenaphelox by the narrowly reflexed, clearly

sinuate sides of the pronotum, and the narrow head relative to width of pronotum (see Table

15). Pale color of legs distinguishes specimens of P. undata from those of P. geniculata. The

apical part of the median lobe of male P. undata is relatively broad, compared to that of P.

geniculata. The spines of the internal sac are of two sizes, large and small, in contrast to the

internal sac of P. signata males, with all spines large.

Description. - Form as in Fig. 16. Tables 13 to 17 present data on variation in standardized

body length, and in ratios Hw/Pwm, Hw/Pl, P:Aw/Bw and Pl/El.

Color. Piceous, except following flavous (pale): palpi, proepipleura, elytral epipleura, lateral

margins and two narrow, vermiculate fasciae on elytra. Antennae and legs flavous to lightly

infuscated.

Microsculpture. Head and pronotum, dorsally meshes isodiametric. Elytra, meshes beaded

anteriorly, flat behind posterior fascia (Fig. 102).

Luster. Dorsum generally dull, except area of elytra behind posterior fascia shining.

Head. Eyes prominent, moderately bulged.

Pronotum. As in Fig. 97; anterior margin moderately deeply concave; lateral margins slightly

sinuate posteriorly; anterior angles prominent, rounded; posterior angles rectangular; sides

moderately reflexed; disc slightly convex; posterior lateral impressions continuous with lateral

grooves.

Elytra. Humeri broadly rounded; sides subparallel, slightly flared; and reflexed posterior

margins sinuate-truncate. Striae broad, very feebly indicated; setae average for genus.

Male genitalia. Median lobe as in Fig. 98, curved, apical portion moderately long, apex broad.

Internal sac with 9 spines, five large ones toward apex (infolded position), four smaller ones

more basad. Two specimens dissected.

Notes on habitat. — Specimens of this species were collected in July and October in cloud

forest, from foliage and trunks of standing trees. They were taken with a beating cloth by

disturbing piles of dead leaves that had accumulated on networks of vines; or by scaling off

loose bark from the trunks of standing trees. In general, I did not note the tree species from

which the beetles were taken. However, some were found on Podocarpus specimens. My im-

pression is that the beetles were not associated with particular trees, but rather with suitable

hiding places. Martin (1958) gives a detailed description of the area.

Geographical relations. — This species seems to be parapatric with P. signata. In the Sierra

de Guatemala and environs, specimens of P. undata were collected at altitudes of about 3800

feet. At the foot of the mountains, near Encino, Tamaulipas, specimens of P. signata were

collected. Neither species was found at intermediate elevations, but an intensive effort was

not made to sample in the latter areas.

Geographical distribution. - This species is known in Mexico from three localities: two

specific areas, and one state record. The former two are in the east (Fig. 103), in the Sierra

Madre Oriental, and the adjacent portion of the Trans-Volcanic Sierra.
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Relationships. — This species is the most distinctive of the signata group, and is probably

the most plesiotypic. The body proportions are average for the genus, as a whole, and the sides

of the pronotum are sinuate, and the hind angles are distinct. Members of this species and

those of P. geniculata share predominantly dark coloration of the body, and spines of two

different sizes in the internal sac of the males, but these are interpreted as plesiotypic similari-

ties. These species, though allopatric, also share a similar distribution pattern: both are known

only from middle altitudes, and evidently do not enter lowland tropics. This is probably an

apotypic character, but probably not synapotypic.

Material examined. — 31 exx., including the holotype, from the following localites.

MEXICO. “OAXACA” [BMNH] . TAMAULIPAS. Rancho del Cielo, Sierra de Guatemala,

8 mi. n.e. Gomez Farias, 3800', October 6-10, 1965, (Ball and Whitehead), and July 24-29,

1971 (Ball and Ball) [UASM] . VERACRUZ. Cordova [BMNH]

.

Phloeoxena (Oenaphelox) geniculata Chaudoir

Phloeoxena geniculata Chaudoir, 1869a: 151. LECTOTYPE male (here selected), one of 2

exx., in Oberthiir Box 126, labelled “Ex Musaeo Chaudoir” [red print] in front of this

box label: geniculata Chaud, Mexique, Cuernavaca, Boucard [MNHP] . ALLOTYPE female,

similarly labelled, pinned next to male. TYPE LOCALITY. Cuernavaca, Morelos, Mexico.

- Bates, 1883: 178.

Note on type material. — Data on the box label coincide with information given in the

original description.

Comparisons. - Specimens of this species are mainly dark in color, and the dorsal surface

is uniformly dull. The head is relatively wide compared to width of pronotum, and is evidently

the result of proportionately larger eyes than those of other species of subgenus Oenaphelox

(see Table 14). Spines of the internal sac of the male genitalia are of two different sizes (as

in males of P. undata)', this distinguishes males of P. geniculata from those of P. signata, the

latter having uniformly large spines in the internal sac.

Description. — Form as in Fig. 17. Tables 13 to 17 present data on variation in standardized

body length and in ratios Hw/Pwm, Hw/Pl, P: Aw/Bw and Pl/El.

Color. Piceous-black, except following constantly infuscated: antennal articles 5-1 1 and

palpi; following constantly flavous: antennal articles 1-4 and elytral epipleura. Legs pale, or

infuscated with apices of femora and bases of tibiae pale.

Microsculpture. Dorsum with meshes isodiametric, beaded. Meshes of elytra broad, but

keeled (Fig. 104 E, F).

Luster. Dorsum dull.

Head. Eyes markedly prominent.

Pronotum. As in Fig. 97, agonoid, broad; anterior margin moderately deeply concave; lateral

margins incurved posteriorly, not sinuate; anterior angles broadly rounded, moderately promi-

nent; posterior angles broadly rounded; sides moderately reflexed, disc slightly convex, poste-

rior-lateral impressions shallow, continuous with broad lateral grooves.

Elytra. Humeri broadly rounded; sides subparallel, slightly reflexed; posterior margins sinu-

ate, sub-truncate. Striae broad, shallow but distinct. Setigerous punctures average for genus.

Male genitalia. Median lobe as in Fig. 101, curved, apical portion narrow, elongate, apex

narrow. Internal sac with 4 spines apical one (in inverted position) large, basal 3 smaller. (One

specimens dissected).

Geographical variation. — The legs are mainly dark in specimens from the Balsas Basin and

Trans-Volcanic Sierra. To the northwest (Nayarit), however, the legs are pale (single female

seen).

Quaest. Ent., 1975, 11 (2)
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Notes on habitat. — Specimens of this species have been collected in tropical thorn forests

typical of the Balsas drainage growing on a lava field (pedregal), and in open oak woods ad-

jacent to this forest. They have also been collected on the Trans-Volcanic Sierra in badly cut-

over areas that probably once supported oak forests.

In the Cuernavaca area (Balsas drainage) the beetles were collected from standing trees, by

scaling off loose bark on to a beating cloth. In the localities on the Trans-Volcanic Sierra, the

beetles were found under loose bark on logs laying on the ground.

Geographical distribution. — The known altitudinal range of this species is from 4300 to

5700 feet above sea level. The species is known only from Mexico, in the northwest from

the western slopes of the Sierra Madre Occidental southward across the Trans-Volcanic Sierra

to the Balsas Basin, and thence to the eastern slopes of the Oaxacan highlands.

Geographical affinities. — The ranges of this species and of P. signata are parapatric. The

two species may be partly sympatric, but they have not been collected from the same locality.

Relationships. — Members of this species share with those of P. signata an agonoid type of

pronotum, and comparatively large eyes relative to length of pronotum (Table 1 5), and are

probably closely related. However, P. geniculata specimens exhibit proportionately larger eyes

relative to pronotal width (Table 14), and are probably at the end of a morphocline for eye

size. On the other hand, specimens of P. signata exhibit a pronotum more broadly reflexed,

and the internal sac of the male genitalia has uniformly large spines. Thus, this species is at

the end of morphoclines for these two characteristics. The two species are probably sister

species; their common ancestor was probably derived from a common ancestry with P. undata.

Material examined. — A total of 14 exx., including types, from the following localities in .

Mexico. GUERRERO. Chilpancingo [BMNH] . JALISCO, nr. El Rincon, 35.7 mi. n.w. Los

Volcanes, 5700'. August 1 1, 1967 (Ball, Erwin and Leech) [UASM] . MICHOACAN. 8.1 mi.

e. Villamar, 5500', August 31, 1966, (Ball and Whitehead) [UASM] . MORELOS. Cuernavaca

[MNHP] . 3.6 mi. e. Cuernavaca, 4600', pedregal, November 24, 1965 (Ball and Whitehead)

[UASM] . 5.4 mi. e. Cuernavaca, 4600', pedrega], June 29-30, 1966 (Ball and Whitehead) [UASM]

Canon de Lobos, 9.1 mi. e. Cuernavaca, 4300', July 24, 1966 (Ball and Whitehead) [UASM]

.

NAYARIT. Arroyo Canaveral, near Jesus Maria, July 15, 1955 (B. Malkin) [Univ. Calif. Berkeley]

OAXACA. Yolos (= Yolox) (Salle) [BMNH]

.

Tab]e 13. Data on Variation in Standardized Body Length Among Samples of Species of Sub-

genus Oenaphelox.

Species Name Locality N Range

Males

Mean N Range

Females

Mean

P. pluto PANAMA^ 1 4.36

P. undata MEXICO Tamps.
^

15 4.04-4.68 4.34 12 3.80-4.56 4.20

P. geniculata MEXICO Morelos^ 1 4.08 5 4.24-4.88 4.45

P. signata U.S.A. Alabama"^ 8 4.08-4.64 4.42

U.S.A. Florida^ 4 4.12-4.56 4.37 4 4.52-4.96 4.73

MEXICO Oaxaca^ 1 4.32 2 4.00-4.56 4.28

PANAMA Paraiso 2 3.76-4.40 4.08 3 3.92-4.32 4.08

1. Cerro Campana 850 m. 2. Rancho del Cielo. 3. east of Cuernavaca. 4. Mobile. 5. Crescent City. 6. vicinity of Juchatengo,

7. Paraiso.
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ELYTRAL MICROSCULPTURE OF
Phloeoxena undata

DORSAL ASPECT

2̂ AREA

BASAL

LATERAL ASPECT

APICAL

E F

102
Fig. 102. Phloeoxena (Oenaphelox) undata Chaudoir. Stereoscan photographs of elytral microsculpture.
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Table 14. Data on Variation in Values for the Ratio Hw/Pwm Among Samples of Species of

Subgenus Oenaphelox.

Species Name Locality^ N Range

Males

Mean N Range

Females

Mean

P. pluto PANAMA 1 0.92

P. undata MEXICO Tamps. 15 0.74-0.81 0.78 12 0.68-0.83 0.78

P. geniculata MEXICO Morelos 1 0.87 5 0.82-0.94 0.87

P. signata U.S.A. Alabama 8 0.75-0.79 0.77

U.S.A. Florida 4 0.72-0.78 0.75 4 0.74-0.78 0.76

MEXICO Oaxaca 1 0.78 2 0.80-0.81 0.805

PANAMA Paraiso 2 0.76 - 0.82 0.79 3 0.76-0.81 0.79

1. See footnotes on Table 13 for additional locality data.

Table 1 5. Data on Variation in Values for the Ratio Hw/Pl Among Samples of Species of

Subgenus Oenaphelox.

Species Name Locality
^ N Range

Males

Mean N Range

Females

Mean

P. pluto PANAMA 1 1.34

P. undata MEXICO Tamps. 15 0.96-1.12 1.04 12 1.00-1.12 1.07

P. geniculata MEXICO Morelos 1 1.24 5 1.24-1.36 1.30

P. signata U.S.A. Alabama 8 1.14- 1.26 1.20

U.S.A. Florida 4 1.08- 1.21 1.16 4 1.16-1.22 1.19

MEXICO Oaxaca 1 1.23 2 1.25 - 1.26 1.255

PANAMA Pariaso 2 1.22-1.28 1.25 3 1.25 - 1.32 1.28

1. See footnotes on Table 13 for additional locality data.

Table 16. Data on Variation in Values for the Ratio P: Aw/Bw Among Samples of Species of

Subgenus Oenaphelox.

Species Name Locality^ N Range

Males

Mean N Range

Females

Mean

P. pluto PANAMA 1 0.92

P. undata MEXICO Tamps. 15 0.88-0.96 0.92 12 0.88-1.04 0.94

P. geniculata MEXICO Morelos 1 0.84 5 0.75 - 0.96 0.89

P. signata U.S.A. Alabama 8 0.83-0.96 0.89

U.S.A. Florida 4 0.92-0.93 0.922 4 0.90-0.93 0.91

MEXICO Oaxaca 1 0.92 2 0.89-0.92 0.90

PANAMA Paraiso 2 0.86-0.92 0.89 3 0.85-0.88 0.86

1. See footnotes on Table 13 for additional locality data.
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Table 1 7. Data on Variation in Values for the Ratio Pl/El Among Samples of Species of Sub-

genus Oenaphelox.

Species Name Locality^ N Range

Males

Mean N Range

Females

Mean

P. pluto PANAMA 1 0.29

P. undata MEXICO Tamps. 15 0.32-0.38 0.34 12 0.32-0.36 0.34

P. geniculata MEXICO Morelos 1 0.31 5 0.30-0.31 0.305

P. signata U.S.A. Alabama 8 0.30-0.33 0.32

U.S.A. Florida 4 0.31-0.34 0.32 4 0.31-0.32 0.315

MEXICO Oaxaca 1 0.31 2 0.31 0.31

PANAMA Paraiso 2 0.30-0.32 0.31 3 0.29-0.31 0.30

1. See footnotes on Table 13 for additional locality data.

Fig. 103. Map, showing the geographical distribution ofPhloeoxena (Oenaphelox) undata Chaudoir, andP. (O.) geniculata

Chaudoir.

Phloeoxena (Oenaphelox) signata Dejean

Coptodera signata Dejean, 1825: 275. HOLOTYPE male, labelled signata m. in Amer bor [green

paper, handwritten]
;
Georgia [green paper, handwritten]

;
D. Escher [green paper, hand-

written]
;
collaris LeConte (handwritten); Ex Musaeo Chaudoir [red print]

;
in front of this

box label — signata Dejean Etats Unis mer. Coll. Dejean [MNHP] . TYPE LOCALITY. Georgia,

U. S. A.

Quaest. Ent, 1975, 11 (2)
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ELYTRAL MICROSCULPTURE OF
Phloeoxena signata

DORSAL ASPECT LATERAL ASPECT

Phloeoxena geniculota

Fig, 104. Stereoscan photographs of elytra microsculpture of Phloeoxena (Oenaphelox) signata Dejean andP. (O.) geniculata

Chaudoir.
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Phloeoxena signata; C\).2iudo\i, 1869a: 150. Horn, 1882: 131. Schaupp, 1882: 64. Bates, 1883:

177. - Leng, 1915: 387. - Leng, 1920: 66. - Loding, 1945: 21. - Fattig, 1949: 39. -

Kirk, 1969: 16.

Coptodera collaris LeConte, 1848: 197. 4 exx in LeConte Coll, LECTOTYPE female (here

selected), labelled: orange disc. Type 5810 [red paper]
;
C. collaris LeC [handwritten]

;

signata 3 [handwritten]
.
[MCZ] . TYPE LOCALITY. Georgia.

Phloeoxena signata var. collaris; Chaudoir, 1869a: 150. — Schaupp, 1882: 64.

Phloeoxena signata var. nigripennis Leng, 1915: 587. TYPE LOCALITY. Enterprise, Volusia

Co., Llorida. NEW SYNONYMY.
Phloeoxena maculicollis Chaudoir, 1869a: 151. HOLOTYPE female in Oberthiir Box 126

labelled “Ex Musaeo Chaudoir” [red print]
,
in front of this box label: maculicollis Chaud

Nouv Grenade coll. Reiche [MNHP] . TYPE LOCALITY. Colombia or Panama (together

they = New Grenada). NEW SYNONYMY.
Phloeoxena hoegi Bates, 1883: 178. LECTOTYPE female (here selected) labelled: Type H.T.

[circular label, ringed with red]
;
Mirador Mexico Hoege; BCA Col. I.i, Phloeoxena Hogei

Bates; Phloeoxena Hogei Bates [handwritten]
.
(BMNH). TYPE LOCALITY. Mirador, Vera-

cruz, Mexico. NEW SYNONYMY.
Notes on type material and synonymy. — Label data associated with type specimens of P.

signata Dejean, P. collaris LeConte, P. hoegi Bates, and P. maeulicollis Chaudoir, coincide with

data in the original descriptions of these forms. I have not seen the type of P. s. nigripennis

Leng.

The extensive variation in color pattern is sufficient evidence to combine in one species the

specimens named P. hoegi with those named P. signata. By the author’s own statement, the

type of P. maculicollis Chaudoir is hardly different from the type of P. signata Dejean, and

the main basis given for separating the two was the different places of collection. For details,

see below.

Comparisons. — Most specimens of this species are readily distinguished from those of P.

undata by color of pronotum, which is all pale, or pale with a dark central spot or stripe. Those

with a dark pronotum (from Oaxaca) have the elytra clearly bicolored with the pale color pre-

dominant in extent. Additionally the dorsal surface is uniformly shining, and spines of the

internal sac of the male genitalia are uniformly large.

Description. — Form average for subgenus. Tables 13 to 17 present data on variation in

standardized body length and in ratios Hw/Pw, Hw/Pl, P: Aw/Bw and Pl/El.

Color. Piceous black to rufo-flavous, pronotum and elytra various (see below for details).

Head black, ventral side of pterothorax and abdomen laterally infuscated. Following rufo-

flavous: prosternum and propleura, abdominal sterna medially, antennae, palpi, legs and elytral

epipleura.

Microsculpture. Meshes more or less isodiametric, beaded on head, flat on pronotum and

elytra (Fig. 104 A-D).

Luster. Head dull, pronotum and elytra shining.

Head. Eyes prominent, bulged.

Pronotum. As in Pig. 105 and 106, transverse; anterior margin moderately concave; lateral

margins rounded to slightly sinuate posteriorly, anterior angles prominent, broadly rounded;

posterior angles broadly rounded; sides broadly reflexed medially and posteriorly.

Elytra. In form, average for subgenus. Striae shallow, broad, intervals feebly convex, punc-

tation average for subgenus.

Male genitalia. Median lobe as in Pig. 107-1 10, curved or straight, apical portion long or

short, broad or narrow. Internal sac with 3 to 9 spines, all relatively large for subgenus. Details

on variation pattern presented below.

Quaest. Ent., 1975, 11 (2)



216 Ball

Geographical variation. — Samples are small, so the results presented are tentative. This

topic is treated in some detail to provide evidence on which taxonomic decisions were based

regarding the status of the different color forms.

Fig. 105-106. Phloeoxem signata Dejean. Pronota, dorsal aspect. Fig. 105. 14.5 mi. s. Juchatengo, Oaxaca. Fig. 106. Ixtapa

Jalisco. Fig. 107-110. Phloeoxena signata Dejean, male genitalia, median lobes, left lateral aspect. Fig. 107. left lateral aspect

(spines of internal sac omitted). Southern Pines, North Carolina. Fig. 108. nr. Ixtapa, Jalisco, with armature of internal sac.

Fig. 109. Enterprise, Florida. Fig. 110. 15.4 mi. s. Juchatengo, Oaxaca.

Variation was studied and mapped (Fig. 1 12) for color pattern of the dorsal surface (Fig.

1 1 1 A-H), and form of apex of median lobe (Fig. 107-1 10), and was noted for standardized

body length (Table 13).

For standardized body length the data suggest that larger individuals are commoner in the

north than in the south, hence northern population samples have higher mean values than

southern ones.

Color pattern is the most conspicuous variable in this species. Color of pronotum and elytra

vary independently of one another. In general, the pronotum has a dark median longitudinal

stripe, extended from base to apex. Some specimens from Panama, Alabama, and Florida ex-

hibit a central spot because the stripe is not extended the full length of the pronotum. The

pronotum is completely pale in specimens from Nicaragua, the Mexican states of Oaxaca ( 1 5.4

mi. s. Juchatengo, 34.5 mi. n. Pochutla), Veracruz, Jalisco and Sinaloa, and from Florida in
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United States. It is completely dark in three specimens from the Pacific slopes of southern

Oaxaca (34.5 mi. n. Pochutla, 13.1 and 21.4 mi. n. Juchatengo).

Elytra color varies from “all dark” to “mostly pale”, with dark markings in bicolored speci-

mens consisting of a dark fascia of varying width. The bicolored condition is more widespread,

and specimens with completely dark elytra are in peninsular Florida and on the Atlantic Coast

of United States. Most bicolored specimens are in the “.50~” class (Fig. 1 1 1 D), but in south-

eastern United States specimens in the “.75~” class (Fig. 1 1 1 B) seem to predominate. A speci-

men from Paraiso, Panama (Fig. 1 1 1 E) and four from Oaxaca, Mexico (vicinity of Pochutla

and Juchatengo, Fig. Ill F, G and H) have at least the anterior dark markings reduced, and

are classified as “mostly pale”. (Although the apical area of the elytra of the female from

21.4 mi. n. Juchatengo has an expanded dark marking (Fig. 1 1 1 G), it is placed in the “mostly

pale” group because of the reduction in the anterior dark areas).

Fig. 111. Phloeoxena signata Dejean. Left elytron, color pattern: A and B. Southern Pines, North Carolina; C. Crescent City,

Florida; D. nr. Ixtapa, JaUsco; E. Paraiso, Canal Zone, Panama; F. 15.4 mi. s. Juchatengo, Oaxaca; G. 21.4 mi. s. Juchatengo,

Oaxaca; H. 34.5 mi. n. Pochutla, Oaxaca.

Quaest. Ent, 1975, 11 (2)
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In combination, the most widespread pattern is pronotum with dark stripe, elytra bicolored,

about half dark. In southeastern United States, the elytra are on average darker (normally

completely dark in Florida), and the pronotum of most Florida specimens is completely pale.

Variation in color may be clinal, the shift toward darker color of elytra occurring along the

Gulf Coast in the United States. In contrast, the pronotum becomes completely pale in penin-

sular Florida, and the transition may be abrupt. However, the specimen from Key West (the

island to the southwest of the southern tip of Florida) has a striped pronotum.

In Mexico, color variation is complex. The condition “pale pronotum” is widespread, but

too few specimens have been seen to determine if such individuals are members of dimorphic

populations, or if the monochromatic condition is characteristic of whole populations. On the

Pacific slopes of Oaxaca, the pronotum is darkened and the elytra are lightened in color. Again,

too few specimens are available to determine the variation pattern in detail. To the south, both

pronotum and elytra tend to have reduced dark pigment.

The male genitalia vary in form of median lobe and in number of spines in the internal sac.

There are three forms: 1), median lobe curved, with apical portion long and broad (in United

States and Mexico; Fig. 107 and 109); 2), median lobe curved, with apical portion long and nar-

row (also in Mexico, and southward in Central America, Fig. 108); and 3), the “Oaxacan type”,

median lobe straight, apical portion short and broad (one ex., Juchatengo, Oaxaca, Mexico;

Fig. 1 10). These three types are not connected by intermediate conditions. The Oaxacan type

is the most distinctive. Nevertheless, I think it likely that intermediates between the “curved” and

“straight” types will be found, and I think it likely that at least some Mexican populations of

P. signata will be found to be dimorphic for width of the apical portion of the median lobe.

Number of spines in the internal sac varies from 3 (4.8 mi. n. Frontera, Comalapa, Chiapas,

Mexico) to 9 (15.4 mi. s. Juchatengo, Oaxaca, Mexico), with 5 the most frequent (see Table

18). The second highest number of spines is 7, exhibited by a male collected 34.5 mi. s. Pochutla,

Oaxaca. Among Middle American specimens (excluding the ones from Oaxaca), the number

varies from 3 to 6, and among specimens from United States, the number varies from 4 to 6.

Thus, there is essentially no difference between northern and southern males in this character-

istic. On the Pacific slopes of Oaxaca, the number of spines is higher. The male with 9 spines

has a black pronotum and mostly pale elytra, and the median lobe is straight, with short apex.

The male with 7 spines has a pale pronotum and half dark elytra, and the median lobe is curved,

with long, broad apex.

Table 1 8. Frequency Distribution of Number of Spines in the Internal Sacs of Genitalia of

Males of P. (O.) signata Dejean.

Spine No. No. Individuals

9 1

8

7 1

6 2

5 4

4 2

3 1

N 11

Quaest. Ent., 1975, 11 (2)
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Synthesis. — A generalized correlation of color characteristics and genitalic characteristics

is indicated in Table 19. The pattern can be resolved in terms of four geographical areas: south-

eastern United States, Mexico excluding Oaxaca, pacific slopes of Oaxaca, and Central America.

In Central America, the elytra are usually bicolored, half dark, pronotum pale or bicolored,

the median lobe curved with long, narrow apical portion, and the internal sac with average

number of spines.

In Mexico, excluding Oaxaca, the pronotum is pale or bicolored, elytra bicolored, half dark,

median lobe curved, with long apex, broad or narrow, and the internal sac with average number

of spines. Color variation and form of the median lobe are not correlated. On the Pacific slopes
|

of Oaxaca, there is marked departure from the average pattern of P. signata, as well as marked
»jj

variation: one specimen exhibited the average color pattern for the rest of Mexico, with aver-

age form of median lobe, but with 7 spines in the internal sac. Other specimens exhibited dark

pronota and reduced elytral markings, highly distinctive median lobe, with 9 spines in the in-

ternal sac.

In the southeastern United States, the pronotum is pale or bicolored, elytra overall darker

than average, and median lobe curved, with long, broad apical portion.

Taxonomic interpretation. — Evidently the pattern of variation of these characteristics is

discordant, suggesting that all of these forms are conspecific. The highly distinctive genitalia

of one male from Oaxaca plus the markedly distinctive color pattern of specimens from this

area could be taken as evidence that they belong to a species distinct from P. signata. How-

ever, the male from the Pochutla area that resembles more closely than the others average

Mexican signata has one more spine in the internal sac than is usual, and thus tends toward

the Juchatengo male. This suggests possible clinal variation between the Oaxacan populations

and those from the rest of Mexico.

Table 19. Generalized Correlation of Geographical Distribution with Character States of Color

and Male Genitalia of P. (O.) signata Dejean.

Area or Locality Pronotum Elytra Median Lobe Int. Sac

Color Color Form Apex No. Spines

USA — Atl. Coast stripe .5 - all dark curved long, broad 5-6

USA — Florida pale-stripe .75 - all dark curved long, broad 4-5

USA - Gulf Coast spot-stripe .5-. 7 5 dark curved long, broad 5

MEX, excl. Oaxaca pale-stripe .5 dark curved long, broad

long, narrow 3-6

MEX Oaxaca, nr.

Pochutla pale .5 dark curved long, broad 7

dark mostly pale

MEX. Oaxaca n.

Juchatengo pale mostly pale straight short, broad 9

dark mostly pale

GUAT.-PANAMA pale-stripe .5-mostly pale curved long, narrow 5

Overall, I think the pattern is too complex to be satisfactorily resolved with the material

available. Subspecies might be recognized if it is shown that the United States forms are con-



Pericaline Lebiini
221

nected to those in Mexico by steep dines, and if the Oaxaca forms are similarly connected to

populations from the rest of Mexico. If these conditions were realized, the United States

populations would be named P. signata signata Dejean, the Middle American ones (excluding

Oaxaca) would be P. s. hoegi Bates, and a name would have to be proposed for the Oaxacan

populations.

Ecological significance of color variation. — The bimaculate pattern may be effective in

concealment from predators by disrupting the impression of the outline of the insect. Addition-

ally, the beetles may be^ members of a complex of Mullerian mimics, for they are marked like

many species of Lebia occurring in the same area and in the same trees as the ones occupied

by the Phloeoxena specimens.

The most interesting aspect of the color pattern is its change in detail. Why should the pro-

notum be dark in Oaxacan specimens, and bicolored or pale elsewhere? Why should the elytra

of Florida specimens be dark? Why should the changes occur where they seem to? Answers to

these questions are not available now. They might emerge when we know something about

the life history of this species.

Notes on habitat. — Specimens have been collected in oak-pine forests in southeastern United

States (Leng, 1915: 586) and Mexico, in tropical gallery forests, and in tropical scrub forests,

with evergreens and palms. They have been found in bromeliads and beneath pine and oak bark.

Kirk (1969: 16) collected specimens on fungus and on chinquipin blooms.

Geographical distribution. — This species ranges from Panama to southeastern United States.

In altitude, the range extends from sea level to 6400 feet.

Geographical affinities. — See discussion of this topic in conjunction with descriptions of

P. undata and P. geniculata.

Phylogenetic relationships. — This species is probably most closely related to P. geniculata,

as indicated in the discussion of relationships of that species. The distribution pattern of P.

signata is probably plesiotypic, based on the general pattern of tropically-based groups. The

uniformly dark pronotum is probably plesiotypic, but the uniformly dark elytra are probably

apotypic. Similarly, the bicolored pronotum is probably more plesiotypic than is the completely

pale one. The reasoning for these statements is complex, and is developed in the section on

evolutionary considerations (p. 226).

The curved median lobe with long, broad apex is probably plesiotypic, and most apotypic

is the straight median lobe with short apex. This is based on the supposition that the commoner

form of the median lobe in the subgenus is so because of inheritance from a common ancestry.

Localities and material examined. — Seventy eight specimens, from the following localities.

CENTRAL AMERICA
GUATEMALA. San Geronimo (BMNH). CapetiUo (BMNH). Miradilla (BMNH). “NICARAGUA” (USNM). PANAMA. Paraiso,

Canal Zone. “Nueva Grenada” (MNHP).

MEXICO
CHIAPAS. 4.9 mi. n. Frontera Comalapa, 2400^, September 2, 1967 (Ball, Erwin, Leech )(UASM). JALISCO, nr. Ixtapa,

gallery forest, under bark of dead tree, 100^, December 22, 1970 (G.E. and K.E. Ball) (UASM). OAXACA. Rte. 131, 13.1

mi. n. Juchatengo, 4700^, in bromeliads, March 23, 1966 (Ball, McFadden and Whitehead) (UASM). Rte. 131, 21.4 mi. n.

Juchatengo, 6400
,
pine-oak forest, in bromehads, August 8, 1972 (Ball and Heming) (UASM). 15.4 mi. s. Juchatengo, 5600 ,

in bromeliads, March 22, 1966 (Ball, McFadden, Whitehead) (UASM). 34.5 mi. n. Pochutla, Rte. 175, March 19-20, 1966

(BaU, McFadden, Whitehead) (UASM). SAN LUIS POTOSI. 6.9 mi. w. El Naranjo, October 14, 1965 (Ball and Whitehead)

(UASM). SINALOA. Rte. 40, 38.7 mi. n. Concordia, 5000^, in bromeliads, January 1, 1966 (Whitehead) (UASM). TAMAULIPAS.
Rio Sabinas, w. Encino, 600^, in bromeliads, October 11, 1965 (BaU, Whitehead) (UASM). VERACRUZ. Paso de San Juan

(BMNH). Jalapa (BMNH).

UNITED STATES
ALABAMA. MobUe, January-February (USNM, MCZ). FLORIDA. Crescent City (Hubbard and Schwarz) (USNM). GEORGIA.

Quaest. Ent, 1975, 11 (2)
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Charlton Co., Billy’s Island, Okefinokee Swamp, August 5, 1926 (Coperry) (USNM). LOUISIANA. Bayou Sara (USNM).

NORTH CAROLINA. “North Carohna” (USNM). Southern Pines (A.H. Manee) (USNM).

EVOLUTIONARY CONSIDERATIONS

Introduction

Whitehead (1972) explained fully and adequately the justification and rationale for use of

the biological species concept and other general aspects of biology related to phylogenetic

studies. I subscribe to his views. Here are described simply the working methods used in study

of the phytogeny of the species of Phloeoxena.

A major shortcoming in the data available for phylogenetic study of Phloeoxena is that the

material is not sufficiently extensive to warrant detailed analysis. One cannot be sure of the

range of variation of character states of each species, nor can one state precisely the geograph-

ical affinities of the known species. Additionally, the montane forests of Central America have

not been adequately sampled for this genus. Nonetheless, it is essential that each systematic

study provide a theoretical basis for further work: a system of hypotheses that can be examined

and tested in terms of new information, or other interpretations of existing information (White-

head, 1972: 307-310).

The objective of phylogenetic analysis is to determine relationships of taxa; that is, the sister

groups and their sequence of appearance in time (Hennig, 1 966). Sister groups are coordinate

members of monophyletic taxa, recognized usually by possession of one or more synapotypic

character states. Thus, determination of sister group relationships depends upon a classification

of character states such that they can be declared plesiotypic or apotypic.

Ross (1974) has discussed how such a classification can be made, and I summarize here his

formulations and explain how I have used them. Conditions of character states are determined

by: a. ex-group comparisons, b. in-group comparisons, and c. group trends. Characters them-

selves can be classified by the number of states represented. More generally, these are few-state

or multi-state. A special form of multi-state character is a morphocline (Maslin, 1952).

Ex-group comparisons. — In general, if for a given character, one of its states in one group

occurs also in other closely related groups, that state is probably plesiotypic (ancestral). For

example, most members of other pericaline genera have two pairs of setae on the pronotum.

Within Phloeoxena, all species but P. montana Darlington have two pairs of pronotal setae.

The latter species lacks them; so this character state is probably apotypic and possession of

the setae is probably plesiotypic.

A morphocline is a multi-state character whose states, when aligned by some predetermined

seemingly logical rule, form a graded series. In ex-group comparisons, one character state of

such a graded series is also present in a related group. This is probably the plesiotypic one, as

above, for the two-character state. For example, in Phloeoxena, there is a 5-state morphocline

involving elytral microsculpture, and all of these states occur within the Phloeoxena schwarzi

group (Fig. 1 14). The dine involves development of high narrow keels from approximately

flat, broad scales. The condition in the specimens of P. costata approximates an isodiametric

pattern, which is the widespread one for insects generally and hence, thought to be plesiotypic.

The other states are more or less apotypic, the most apotypic being that of members of P.

portoricensis. If one of the intermediate states, rather than one of the ends, is shared with

another group, then the morphocline is best interpreted as two dines, each going in a different

direction.

Group trends. — In various groups characters appear to follow the same evolutionary de-

velopment in many independent lineages. For example, in carabids, members of taxa inhabit-

ing high mountain forest tend to lose their wings, shorten the elytra, and lose setae (Darling-
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ton: 1971 : 165-172; 246-247). On logical grounds, such character states could be interpreted
|

as apotypic in a group not previously analyzed phylogenetically. Specifically, in Phloeoxena,
j

wing loss is interpreted as an apotypic character state.

Further, residents of high mountain forests are regarded as descendants of low-altitude
j

stocks (Darlington, 1971 : 241), and hence, the former habitat type can be considered apotypic.
[

This principle is applied to the analysis of evolution of Phloeoxena. I

In-group comparisons. — These involve characters that have arisen within a given group, and I

thus cannot be compared with those of other groups. One proceeds by determining for an un- I

classified character which of its states is associated with that member taxon of the complex
|

under consideration judged to be most plesiotypic. Then, this state of the previously unclas- f

sified character is judged to be the most plesiotypic.

For example, among members of the Phloeoxena picta group, color pattern varies as indicated
|

in the morphocline illustrated in Fig. 115. How is this dine to be read? Is the all dark color of
j

P. p. unicolor the most plesiotypic, or is the broadly cruciate pattern of P. megalops the an- t

cestral condition? Or, must this state be sought among the other species? As indicated in the
}

diagram, I think that the last choice is the correct one, principally because it is associated with
!

the P. nigricollis-limbicollis stock, which is judged to be plesiotypic in body proportions, and
j

which I think to be structurally most plesiotypic of the picta group. The reduced coloration
;

)!

is associated with derived forms, inhabiting cloud forests, and the cruciate marking is associated
|

with a lowland form having much enlarged eyes. I believe, then, that evolution of pale color \

!

has gone in two directions: reduction in some subspecies of P. picta, and increase in P. megalops. '

If one assumed that dark coloration was plesiotypic for this group, then it would have to be.

supposed that the same type of color pattern shared by the P. nigricollis stock and some mem- ^

|

bers of the P. picta stock was developed convergently (or in parallel). This would seem to be I :

a more complex assumption than that of assuming loss of the pale color, which has to happen
| ]

in a single species only. I feel less sure about regarding the pattern of P. megalops as apotypic. I

Here, I introduce into the argument the coloration of the supposed ancestral stock of the P. f

;

picta group, which I would suppose to be concolorous. Then, I would imagine development

of anterior and posterior pale areas on each elytron, and the gradual increase of the pale color,
|

to give rise ultimately to the condition represented by specimens of P. megalops. 7

Phylogenetic analysis of characters of Phloeoxena.
»

|

Data presented in Tables 21 and 22 are used in construction of the phylogenetic diagram, 7

Fig. 118. In Table 21, each character is numbered, and each character state is designated by
;

a letter: lower case for plesiotypic, capital for apotypic. Additionally, modifying symbols
‘

are provided (superscript letters and numbers) for unrelated states of multi-state characters,
I

or for steps in a morphocline, the numbering being consecutive in relation to relative position

of the character state. Table 22 summarizes the character state symbols for each species of J

Phloeoxena. Presented below is the rationale for classification of all character states, and comments;

on directions of evolution. Because none of the extant pericaline genera known to me seem
|

closely related to Phloeoxena, ^-group comparisons are necessarily imprecise, being made

more with a hypothetical ancestral pericaline than with a particular genus. :!

Overall size (1). — Plesiotypic condition determined by ^-group comparison: generally,

members of most other pericaline genera are of about the size of P. (Tacana) herculeano speci-
'

mens. However, within the other subgenera of Phloeoxena, I regard the larger size of P. p. uni-

color specimens as apotypic, because these are cloud forest inhabitants. Thus, I think that the

evolutionary pattern involves size decrease early in the history of the genus, followed by in- 4

crease relatively recently.

Values for Hw/Pl (2). - This is an expression of relative eye size, with small eyes indicated
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by low values and large eyes indicated by high values (Fig. 1 16 and Table 20). Intermediate

values are regarded as plesiotypic, both in in-group comparison (of frequent occurrence) and

by ^-group comparison (intermediate condition most frequent among pericalines).

Values for PljEl (3). — This is an expression of relative length of elytra, low values represent-

ing relatively long elytra, and high values representing shorter elytra. The brachypterous species

have intermediate and high values, and these are therefore judged to be apotypic on the basis

of group trends, because brachyptery is generally regarded as an apotypic character state with-

in most groups of Carabidae. Details are presented in Table 20 and Fig. 1 18.

MORPHOCUNE IN ELYTRAL COLOR: Phloeoxena picta Group

1. megalops 2a. nigricollis

b. limbicollis

c. p. picta

3. p. batesi 4a
.
p. franiae 5. p. apicalis

b. p. picta

DIRECTION?

ALL

BLACK

6. p. unicolor

PROBABLE PHYLOGENY =

1 2a 2b 3 4 6 2c 5 Most PLESIOTYPIC' 2

Fig. 115. Morphocline in elytral color pattern among the species of the Phloeoxena picta Group.

>

Reduced eye size and reduce elytral length tend to be correlated and taxa with these con-

ditions tend also to be residents of cloud forests. Conversely, taxa whose members have larger

eyes and longer pronota usually live at lower altitudes.

Lateral setae ofpronotum (4). — Presence of setae is regarded as plesiotypic on the basis

of ^-group comparison (see above).

Color of elytra (5). — This is highly complex. Probably three trends are involved, one going

in two directions. The plesiotypic condition is determined by ex-group comparison: in carabids

generally, elytra are concolorous. From such a base is evolved character state “E”, appearing

in two West Indian species only. A second trend occurs among members of the subgenus Oena-

phelox with character state (see Fig. 16). In “E^^”, the trifasciate condition produces

splotches (R signata) and in “E^^”, there is a reversion to the plesiotypic condition, or con-

colorous elytra. Why is not the last-named condition in P. signata regarded as plesiotypic? This
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is because concolorous elytra appear in populations near the northern periphery of the range

of the species (Florida, see Fig. 1 1 2). I believe that because the bicolored condition is so wide-

spread, it is simpler to assume that the concolorous condition was secondarily acquired in Flor-

ida, from a bicolored stock.

Microsculpture of elytra (6). - K 5-step morphocline is involved (Fig. 1 1 5). The plesiotypic

state was determined by ex-group comparison, and the dine was organized on the assumption

of unreversed step-wise change. In Fig. 1 17 the five steps are indicated by Roman numerals

(equivalent to the sequence f-F-F^ in Table 22). Note that state III (F^ is represented among

two groups as is state V (F^).

Table 20

£
Ply

o /E£

CORRELATION OF GENERALIZED VALUES FOR THE
RATIOS Hw/Pl AND PI /El FOR THE SPECIES

OF Phloeoxena

increase in eye size—
Hw/

low

>-

'PI

int. high

decrease

in

ely

5"

costata (2) nigricollis (3)

plagiata(2] limbicollis(3)

schwarzi(2)

pluto(5) megalops (3)

signata(5)

geniculata(5)

portoricensis(2)

PLESIOTYPIC

APOTYPIC

int.

dealata (2) undata (5)

montana(2) p.batesi(4)

imitatrix (2)

T
high

herculeano(i) p.franiae (4)

p. unicolor (4)

p.picta (4)

p.apicalis(4)

APOTYPIC PLESIOTYPIC APOTYPIC

Umbilical series ofsetigerous punctures of elytra ( 7). — Of the two recognized states, the

plesiotypic was determined by ex-group comparison: the commonest condition among peri-

calines is to have relatively few punctures in this series, with a broad diastema between a basal

and an apical group.

Discal setigerous punctures of elytra (8). - Three states are recognized, with three punctures

regarded as plesiotypic and more than this (“H"*’”), or less than this (“H’”) being apotypic. The
basis is ^-group comparison, with three being the number common to many pericalines. Hence,

the proposed evolutionary trends are self-evident.

Quaest. Ent., 1975, 11 (2)
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Fig. 116. Graph showing relationship of variation in the ratio Pl/El and Hw/Pl among the species of Phloeoxena.

Ely tml Striae (9). - The plesiotypic condition was determined by ^-group comparison. There

are two trends: one, to broadly costate striae (J^), and one to a reduction in striae, with several
1 9

steps involved (J, J and J ).

Internal sac of male genitalia (10). — The plesiotypic condition of this 4-step morphocline

was determined by ex-group comparison: in pericalines generally, spines are lacking from the

internal sac. Orientation of the morphocline was based on the assumption that spines increase

in size and number in step-wise fashion, more or less.

Construction of the phytogeny

This was carried out by search for clusters; definition of clusters to form provisional groups;

determination of intra-group relations by analysis of morphoclines; and then, determination of

inter-group relations.

Search for clusters. — Fig. 1 17 and Table 20 indicate certain general correlations, and in

combination, they give the defining characters for provisional groups.

Clusters. — There are five, as indicated by the numbers following names in Table 20 and

Fig. 117.

Group 1 : large size, small eyes, relatively short elytra, moderately derived microsculpture

and extra elytra punctures.

074 0-82 090 0-98 1 06 114 1-22 1-30 138

Hw/Pi
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SPECIES OF Phloeoxena

CORRELATION DIAGRAM FOR CHARACTER STATES OF ELYTRAL

MICROSCULPTURE, INTERNAL SAC, WING DEVELOPMENT
AND GEOGRAPHICAL DISTRIBUTION

MICROSCULPTURE DEVELOPMENT

I
- plesiofypic

ilJIIJV- intermediate 117
V ' highly apotypic

Fig. 117. Correlation diagram for character states of elytra microsculpture, armature of internal sac of male genitalia, wing
development and geographical distribution (in part) among the species and species groups of Phloeoxena.
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Group 2: small size, and confined to West Indies; otherwise no synapotypic character states.

This group is based on the assumption that the West Indian area was invaded only once, and

considering the overall closeness of the species to one another, this seems reasonable.

Group 3: elytral microsculpture highly apotypic and color pattern apotypic.

Group 4: a single polytypic species, well defined by short eyes and relatively short elytra

(result of brachyptery), and inhabiting tropical montane or cloud forests.

Group 5: well defined by spined internal sac, generally large eyes and generally long elytra.

Table 21. Phylogenetic Classification of Character States used in Reconstruction of the Hypo-

thetical Phylogeny of the Species of Phloeoxena.

No. Character Character State

Plesiotypic Apotypic

1

2

3

4

5

6

7

Overall size

Value for Hw/Pl

Value for Pl/El

Pronotum: lateral

setae

Elytra: color

Elytra: microsculp-

ture

Elytra: punctures,

umbilical series

Elytra: punctures,

discal series

large a

intermediate b

low c

intermediate

small A
low B"

high B"^

intermediate C
high C^

present d

concolorous, dark e

absent D
single red spot E

trifasciate E^

splotch E^^

uniformly dark E^^

bifasciate, w/ant. dark spot. E^

bifasciate, w/o ant. dark

spot . E^^

bifasciate, ant. fascia

broken E^^

uniformly dark E^^

broadly cruciate E’’’^

meshes flat scales f scales slightly elevated,

broad F

scales more elevated,

ridged F^

ridges narrower, higher. . . . F

ridges in discrete, longi-

tudinal rows F

broadly interrupted g continuous G

4-8

2 .

8

3
H-l
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Table 21. (concluded). Phylogenetic Classification of Character States used in Reconstruction

of the Hypothetical Phylogeny of the Species of Phloeoxena.

No. Character Character State

Plesiotypic Apotypic

9 Elytra: striae narrow, clearly marked . . j broad, clearly marked . . . . J'*’

broad, faintly marked . . . . J

only stria 7 evident

all obliterated

10 Male genitalia, internal

sac not spined . . .k single small spine K
small and large spines . . . .

'J

large spines, only

Table 22. The Species-Group Taxa of Phloeoxena, Their Characters and Character States,

Classified Phylogenetically.

Name of Taxon

1 2 3 4

Character

5 6 7 8 9 10

herculeano a B‘ C^ d e G j k

cos tata A b c d e f g h k

dealata A b C d e F g h J k

montana A b c D e F g H' J k

plagiata A b c d E pl
g h J k

imitatrix A b c d E g H‘ J

jl

k

schwarzi A b c d e p2
g h k

portoricensis A B+ c d e p3 g h j2 k

megalops (s. lat). A B+ c d E+y p3
g h J k

limbicollis A b c d EV p3 g H” J k

nigricollis A b c d EV g h J k

p. batesi A b C d Ey p3 g h J k

p. franiae A b C^ d eyI p3 g H J k

p. unicolor A^ b C^ d EY3 p3 g h J k

p. picta A b C^ d Ey p3 g h J k

p. apicalis A b C^ d EY2 p3 g h J k

pluto A B-^ c d e f g h J K
k1

k1

undata A b C d E^ g h J

geniculata A B+ c d e F g h J

signata A B+ c d pxl

£x2
f g h J

Quaest. Ent, 1975, 11 (2)
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Fig. 118. Diagram illustrating the reconstructed phylogeny of the species of the gQmxs Phloeoxena.

Intra-group relationships. — These are derived by study of morphoclines.

Group 1 : P. herculeano stands by itself.

Group 2: the axis of species orientation is mainly the morphocline for elytra microsculpture,

but partly, geography (Fig. 114): the species with the most highly derived microsculpture is

on the most remote island. Also, this system is paralleled by one for eye size (greatest in the

Puerto Rican species), and for development of the elytral striae (specimens of P. portoricensis

with completely smooth elytra; P. schwarzi between P. portoricensis and the rest of the West

Indian species both in development of striae and in geography).

Group 3: the main axis is the morphocline for eye size and color, but P. megalops with apo-

typic color pattern and large eyes is regarded as closest in time of origin to the ancestral stock

of this group. This is based on the seeming close relationship between the highly derived P.

picta and the P. nigricollis-limbicollis stem, on the remoteness of P. megalops from P. picta.
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and on the primitiveness of P. megalops in features other than eye size and color.

Group 4: the system of relationships is based on degree of geographical proximity, and

the morphocline is oriented on geographical grounds, with the assumption that the southern-

most {P. p. batesi) subspecies is likely to be closest to the ancestral stock, and the northern-

most one the most derived.

Group 5: the morphocline for spine development of the internal sac seems to provide a

guide to understanding phytogeny of the group. Basally is P. pluto, in a group of its own, with

small spines, and geographically remote from the others. Then, is P. undata and geniculata,

with small and large spines; finally, is P. signata, with all large spines. Associated with this trend

in the signata group is one for enlarged eyes, and broadening of the pronotum. Clearly, the

most primitive member of this group isP. undata. Note, however, that the morphocline

for elytral microsculpture is the reverse of what one would expect, a priori. I assume that the

P. undata and P. geniculata stocks acquired the apotypic condition independently.

Inter-group relationships: the search for sister groups. — Probably the sister group to all the

others is the subgenus Tacana (P. herculeano). It is structurally quite remote, is plesiotypic

with respect to size, and has a relict distribution. Thus, it is likely to be a highly derived mem-

ber of an old stock.

Of the remaining groups, P. picta is clearly an apotypic descendant of the P. megalops

“complex”; there is no need to formally recognize another taxonomic level, so the combina-

tion of Groups 3 and 4 is called simply the P. picta group. The sister group of the generally

more plesiotypic (2) and picta groups is Group 5, which is clearly isolated by posses-

sion of the spines of the male internal sac. Unfortunately, there are no synapotypic features

to link the P. schwarzi and P. picta groups, but I feel confident that such will be found in some

character system that has yet to be investigated.

Convergences

The above account deals mainly with evolutionary divergence from common ancestors. How-

ever, not all character states of related extant taxa are unique or evolutionarily unreversed. In

phylogenetic studies, it is important to note similarities apparently not the result of descent

from a common ancestor; such similarities give clues to the major selective forces at work on

members of the genus and might give clues to other interpretations of relationships. There seems

to have been one reversal in size development, with P. p. unicolor being larger than any other

member of the genus except those of P. herculeano. Eyes have undergone increase in size four

times (once each in the schwarzi, picta, pluto and signata groups). The elytra have shortened

markedly twice (once each in Tacana and the picta group), and moderately four times (twice

in the schwarzi, once each in the signata and picta groups). In color pattern, the elytra have

become fasciate twice {signata and picta groups), and pale color has been lost twice (once each

in the picta and signata groups). The elytral microsculpture has become keeled five times (once

each in Tacana, schwarzi and picta groups, and twice in the signata group). The keels have be-

come high and linearly arranged twice (once in the picta and schwarzi groups).

Zoogeography

The pattern. — This is illustrated in broad outline by Fig. 1 13. Briefly, maximum diversity

occurs in the Chiapas-Guatemala area, where the following taxa are represented: subgenus

Tacana; picta group {megalops complex and P. picta)', and signata group. The schwarzi group

is confined to the West Indies, and the pluto group is known only from Panama. The extensive

range of the signata group results from the wide distribution of P. signata (Fig. 11 2). The other

two species of this group are known only from Mexico north of the Isthmus of Tehuantepec,

and it is in this area that P. signata is maximally divergent. The northernmost species of the

Quaest. Ent, 1975, 11 (2)
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picta group, P. picta, occurs on both sides of the Isthmus of Tehuantepec. In general, then,

most of the species are confined to Middle America, with the range of one species extending

to southeastern United States, and one group being confined to the West Indies.

The distribution of the West Indian fauna forms a classical subtraction pattern, with the

smallest island and the one farthest from the mainland (Puerto Rico) having only a single

species, the middle-sized and geographically intermediate Hispaniola having two species (one

shared with Cuba), and the island closest to the mainland and largest in area (Cuba) having five

species. Darlington ( 1 957: 510-51 5) discusses such a pattern at length.

Ecological affinities, a second parameter of the pattern, are indicated in terms of generalized

forest types. Seven species are in relatively lowland tropical forest, three in montane tropical

forest, four in cloud forest, one in thorn-subtropical forest, and the range of P. signata extends

from warm temperate hardwood forest through subtropical forest to lowland tropical rain for-

est. In terms of numbers of species, maximum diversity of Phloeoxena is in the lower elevation

tropical forests, although in combination the high altitude forests have as many species as the

former habitat.

A third parameter concerns vicariance relations. These are important in interpreting zoogeo-

graphic patterns; their value increases in proportion to extent of knowledge of species ranges.

Because distribution data ioi Phloeoxena are so limited, this parameter cannot be considered

in detail. In general, the species seem to be mainly parapatric or allopatric, although in Cuba

P. schwarzi and P. imitatrix are almost certainly sympatric.

This pattern should be viewed in conjunction with the general distribution pattern of the

New World pericalines. All other genera (except Ochropisus, whose three known species are

confined to Middle America) are maximally diverse in South America. All genera, except

Oreodicastes occur in Middle America, but the range of only one (Coptodera) reaches southern

United States.

Historical zoogeography. — A generalized scenario is presented, as an initial attempt to ex-

plain the distribution pattern described above.

The relative abundance of pericalines in South America as contrasted with Middle America

can provisionally be accepted as evidence that the larger continent was the principal theater

of evolution of this subtribe in the New World, and probably served as the source area for the

ancestral stock of Phloeoxena. This is an extraordinarily common pattern, as discussed by a

variety of authors for a variety of groups (recently published examples are: Duellman, 1970

— hylid frogs; Savage, 1973 - anurans, generally; Whitehead, 1972, Noonan, 1973 and Goulet,

1974 — carabid beetles).

Following the arguments of Whitehead on rates of evolution (1972: 334-335), differentiation

of the extant lineages of Phloeoxena probably began not less than 2 1 million years before the

present (BP), or in mid-Miocene time. Thus, it is important to know about palaeogeographic

events of the Tertiary period for the “circum-Caribbean” area (Ross, 1967: 196), where evolu-

tion of Phloeoxena took place.

Geological events are complex, but in mid-Tertiary time nuclear Central America comprised

Mexico south of the Isthmus of Tehuantepec, Guatemala, Honduras, El Salvador and Nicaragua

only, and was isolated from South America by a sea gap which probably contained a series of

islands volcanic in origin (Malfait and Dinkelman, 1972: Fig. 3). By the end of the Pliocene,

nuclear Central America was joined by lower Central America to South America.

According to Durham et al. (1955), the Isthmus of Tehuantepec at this time was not a sea-

way, so nuclear Central America was a southern extension of North America. However, the

connection may have been a very tenuous one, for the sea extended from the Gulf of Mexico

across most of what is now the Isthmus, to the low hills in its southern part. One might well

imagine that, generally, habitats in the vicinity of the Isthmus would not have been favorable
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for forest adapted species of organisms, and the area might have served as a barrier for dispersal.

Thus, for biogeographic purposes, nuclear Central America might have been ecologically isolated

from the rest of North America, and may have been effectively an island (as suggested by many

authors - for example, Darlington, 1957: 280 - Maldonado-Koerdell, 1964: 15, and Fig. 8;

- Ross, 1967: 195-196).

The geological history of the West Indies is also complex, but there is no clear evidence that

the islands were connected to one another by land, nor that they were connected to the circum-

Caribbean mainland (Malfait and Dinkelman, 1972). The maps of Maldonado-Koerdell (1964),

(reproduced by Ross 1967, Fig. 12, 13 and 14) seem to be without a firm geological foundation.

Nonetheless, the sylvan fauna is sufficiently diverse and divergent to suggest that a land con-

nection to Central America existed (Hershkovitz, 1972: 337). Probably the zoological and

geological data can be rationalized by postulating for some time in the mid-Tertiary more fav-

orable conditions for overseas dispersal than is suggested by the present distribution of land

and sea.

Two of the three subgenera of Phloeoxena, Tacana and Phloeoxena (sensu s trie to), are

represented in nuclear Central America by endemic species. I postulate that the group arose

there, derived from a South American ancestor that managed to move northward from island

to island, across the Bolivar geosyncline and other narrow sea gaps (Fig. 1 19). Differentiation

took place in response to geographical isolation and changing conditions wrought by mountain-

building and consequent alterations to the environment. The earliest stock to evolve, represented

today by a single cloud forest species, P. herculeano, was probably displaced from lowland

forests, but succeeded in adapting to and surviving in montane cloud forests.

The stock ancestral to the nominotypical subgenus and Oenaphelox (Fig. 1 19), whose evolu-

tion may have displaced the Tacana stock from the lowlands, became widespread probably

in Miocene time, one lineage developed whose males had a single small spine in the internal

sac, and dispersed northward to southern North America, and eventually south to Panama,

too. This was the ancestral stock of Oenaphelox, which is represented in southern tropical

forests by P. pluto. Still later, that portion of the stock that succeeded in crossing the Isthmus

of Tehuantepec differentiated to produce the signata group ancestor (Fig. 120).

The history of the southern pluto group cannot be pursued farther, because its only known

species is represented by a single specimen. But the history of the northern group is worth

further consideration. Details of the process of differentiation are unclear, but I believe that

a lowland stock gave rise, first, to the ancestor of P. undata, represented today by cloud forests

populations only. Further differentiation in the lowlands gave rise to the ancestor of P. geniculata

and P. signata, with the former species becoming confined to western Mexico, in thorn forest,

or other subtropical formations. On the other hand, P. signata became very widespread, ranging

northward to southeastern United States and southward throughout Central America. This

species underwent marked differentiation near its center of origin, in Oaxaca, and less differen-

tiation in eastern United States (pp. 216-222, Fig. 105-1 12).

Implicit in this proposed dispersal pattern is the idea of apparent extinction of the ancestral

stock of Oenaphelox in nuclear Central America. Now, of course, the group is represented there-

in by P. signata, but I suggest that is the result of relatively recent dispersal from the north (Fig.

1 20). Further, I suggest that the extensive distribution of P. signata can serve as a model for

events in the early history of the subgenus, with the ancestral stock becoming widespread, and

then undergoing differentiation.

Returning to nominotypical Phloeoxena, the sister group of Oenaphelox in nuclear Central

America, the former group became widespread within the confines of that area, eventually dis-

persing across the sea to Cuba (possibly by way of Jamaica, although no species of the genus

are currently known from that island). The mainland stock differentiated, to become the picta

Quaest. Ent., 1975, 11 (2)
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group and the islandic stock became the schwarzi group (Fig. 1 19 and 120).

Evolution of the schwarzi group took place mainly on Cuba, with one stock reaching His-

paniola (possibly when the two islands were still joined) and differentiating {P. dealata on

Cuba and P. montana on Hispaniola). Later, another stock spread eastward to Puerto Rico,

and differentiated, with the plesiotypic sister species (R schwarzi) on Cuba and Hispaniola,

and the apotypic one (P. portoricensis) on Puerto Rico (Fig. 120). Differentiation on Cuba

led to evolution of cloud forest species.

The evolutionary pattern of the picta group is more difficult to decipher. The macropterous

lowland forms are generally more southern than is the montane P. picta. Evidently, in the course

of its evolution, southern North America was not an important center, and may have been in-

vaded comparatively recently (the only species represented north of the Isthmus of Tehuantepec

is the brachypterous montane forest-adapted P. picta). What seems most likely is a southern

dispersal of the P. picta stock, possibly when land in Central America consisted of a chain of

islands, followed by differentiation on different islands (Fig. 120).

This pattern is similar to the one suggested by Goulet (1974) for the evolution of the temper-

ate-adapted harpaline genus Pelmatellus. Both this genus and Phloeoxena probably arose from

South American ancestors, dispersed northward across water barriers to nuclear Central America

(Goulet’s “Guatemalan mountains”) underwent important differentiation there, and spread

north and south, and upward into cloud forests, where members of both groups became brachyp-

terous. The pattern differs in that Pelmatellus is not represented in the West Indies, nor at low

elevations.

This pattern is also similar to the one suggested by Duellman (1970) for the history of hylid

frogs of Middle America, differing only in that the diversity of the beetles is much less than

that of the frogs. For the New Guinea Carabidae Darlington (1971 : 239) described the same

pattern, with successive groups arising in the low altitude forests, and subsequently invading

the higher altitudes, and being displaced in the lowlands.

Finally, a comment seems in order about the general question of the derivation and nature

of the Middle American fauna. Darlington (1957: 574-575) emphasized its transitional nature,

suggesting that it was derived in part by subtraction from the more recent elements of the main

Nearctic and Neotropical faunas, and was in part an accumulation of earlier megagean groups

that had succeeded in dispersing from the Old World Tropics, had been mainly replaced to the

north, and had been denied access to South America by the highly diverse endemic fauna that

had developed from still earlier waves of megagean groups. No doubt the Middle American fauna

is in part the result of subtraction from the more extensive northern and southern faunas. But

the element ascribed to “accumulation” is probably mostly of South American derivation and

represents groups that in early Tertiary time succeeded in crossing water gaps and thus reaching

relatively extensive nuclear Central America, undergoing isolation and marked differentiation

there, followed by dispersals both northward and southward. This pattern is seen most clearly

in hylid frogs (Duellman, 1970 — although the author suggested the ancestral stocks of the

nuclear Central American fauna reached there over land, in the belief that North and South

America had been joined prior to the later Pliocene). It is suggested by what is known about

the carabid groups Pericalina and Pelmatellus, and is probably seen also in the distributions of

those mammalian groups that succeeded in entering South America between Oligocene and

Pliocene time (Hershkovitz, 1972). Thus, in addition to serving as a link or “highway” for dis-

persal between two continents. Middle America has been a major New World center of evolution

(Ross, 1967: 195).
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Principles and Techniques of Scanning Electron Microscopy. Volume 1 ; Biological application.

Edited by M. A. Hayat. Van Nostrand Reinhold Company. 1974. 273 p. $30.00 and Scanning
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It is now a decade since the Scanning Electron Microscope (SEM) became commercially

available and since the^^ these instruments have established themselves as valuable scientific

tools and made significant contributions to Biology.

Until recently, literature on the SEM and the associated techniques could only be found in

specialized scientific literature mid in proceedings of SEM Symposia. Now however, text books

dealing with general and specialized aspects of SEM are beginning to appear. The book “Prin-

ciples and Techniques of SEM” is one in a comprehensive series on Electron Microscopy writ-

ten or edited by Hayat. In this particular series Hayat plans four volumes. This first presents

a general account of the principles of SEM as well as methods for the preparation of botanical

material. Subsequent volumes will concentrate on the processing of other biological material.

As with many books of this nature, the style of the contributing authors is variable. In gen-

eral they are of adequate standard. The initial chapter by Black which introduces the operating

principles of the SEM is particularly good. This is written in such a way that the operation of

the SEM can be understood with only a minimum knowledge of theoretical electron optics.

However, there is sufficient mathematical and theoretical discussion to allow an understanding

of the limitations and various compromises which have to be made in operating a SEM. Black

considers briefly the production of images with the SEM and the use of stereo pairs. There is

also a brief paragraph on the Scanning Transmission Electron Microscope (STEM).

The chapter on Critical Point Drying (CPD) by Cohen is also very comprehensive. He deals

first with the basic physics of CPD then with the practical aspects of this useful technique.

There is a detailed section on the processing of botanical material for CPD. However, methods

of handling other biological material are also given, ranging from micro-organisms to large mas-

sive organs such as liver, kidneys and testes. Emphasized in this section is the need for good

fixation, particularly the double-fixation techniques using glutaraldehyde and osmium tetroxide.

Although not appropriate to this chapter, there is a small section on the storage, mounting, and

gold coating and examination of specimens after CPD.

The two short chapters on cryotechniques describe rather briefly the methods of observing

internal structures of biological specimens by cracking the material while frozen under liquid

nitrogen. These techniques also allow the examination of uncoated material at lower magnifi-

cations.

There is a short terse well-written chapter by Nemanic on the preparation of stereo slides
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from stereo pairs. He deals with the various methods of viewing stereo pairs, using either polar-

ized light or the red and green light techniques. Particularly exciting here is the anaglyphic

technique. This technique allows direct real-time three-dimensional viewing on the SEM and

shows how to increase the informational content of SEM images. In a short chapter on low

magnification study of uncoated specimens, Howden and Ling by using a modified JEOL SEM
show how they can view large biological material without charging effects. They point out the

difficulties with this technique, one in particular being the considerable amount of distortion

produced with the low magnification.

The three chapters dealing with spores, aerial surfaces of higher plants and plant cell walls

and intracellular structures show the difficulties of dealing with delicate plant material. This

shows clearly in the shrinkage and other artifacts in the low quality SEM micrographs used

as examples in this chapter.

A particularly useful chapter is by Panessa and Gennaro on intracellular structures. They

introduce some interesting techniques for producing self-conductive specimens, which obviate

the necessity for coating with gold. Also described here are techniques for the removal of mat-

erial from the SEM and subsequent examination with the Transmission Electron Microscope.

The authors illustrate here very clearly how the two methods of observation complement one

another.

The final chapter by Borgin on wood is straight forward and illustrates some problems with

preparation of hard woods for SEM.

“Scanning Electron Microscopy” by Wells, which has contributions by Boyde, Lifshin and

Rezanowich, is quite different from that by Hayat.

The introduction deals briefly with the various forms of SEM and gives a very nice historical

account of the development of these instruments. It is interesting to note that one of the first

commercial SEM’s built (by Cambridge University Engineering Laboratory) was used by the

Pulp and Paper Research Institute, Montreal, between 1959 and 1968. Following the introduc-

tion, Wells considers in detail various aspects of the SEM such as signal to noise ratio, electron

interaction, resolution and instrument design. In each instance he begins with basic principles

then develops the topic to the stage where the implications for optimal operation of the SEM
are apparent. As in Hayat the various compromises required are indicated, but here the treat-

ment of each topic has more depth. In chapter six on “Contrast and resolution”. Wells deals

not only with secondary electrons for image formation, but also with low-loss electrons. This

latter technique is now being used increasingly to provide much better resolution than possible

with secondary electrons. It is here that Wells clearly shows he is up-to-date with the most re-

cent developments in SEM. The contributions by Rezanowich and Lifshin on papermaking and

on X-ray generation and detection respectively are comprehensive and well-written.

Boyde contributes two chapters, on “Three-dimensional aspects of SEM images” and on

“Histological and Cytological methods”. Both are excellent. Boyde pioneered the use of a number

of techniques for stereo-images with the SEM and these are well illustrated with stereo-pairs.

This chapter is far superior to the similar one in Hayat. The chapter on histology is similarly

good, being well illustrated with stereo pairs — a technique for presentation of SEM micrographs

that increases information content considerably and should be used more. No doubt editors

concerned with costs do not look favourably on this illustrative method. As in Hayat, sources of

supply for materials mentioned are given. There is a very good bibliography as well as a name

and subject index. Wells’ book is more authoritative than that by Hayat and he has edited the

contributions well with resultant consistent style and minimum overlap of subject areas. It is

also a better value for the money being a larger book, but the two books are complementary.

One provides details for biologists with special requirements, the other is concerned with under-

standing and manipulating the SEM to achieve maximum performance.

Douglas A. Craig

Department of Entomology, University of Alberta
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One hundred and forty five species belonging to 17 genera of the family Dytiscidae are

recorded from Alberta. Adults of each species are described and keys for identification are

presented. Six species are described as /?ew;'Hydroporus criniticoxis, Hydroporus carri,

Hydroporus hockingi, Hydroporus rubyi, Agabus margareti and Acilius athabascae. The species

Hygrotus picatus (Kirby) is recognized as valid, and the name Dytiscus alaskanus/. Balfour-

Browne is revalidated. The following new synonymy is proposed: Hydroporus coloradensis

Fall = H. griseostriatus (DeGeer); Hydroporus hortense Hatch - H. laevis Kirby; Hydroporus

productotruncatus Hatch = H. alaskanus Fall; Rhantus aequalis Hatch = R. binotatus (Harris);

Dytiscus ooligbukii Kirby = D. circumcinctus Ahrens; and Dytiscus vexatus Sharp = D. dauricus

Gebler.

For each species, the following information is presented: synonymy, selected literature ref-

erences, description, taxonomic notes, natural history notes, and distribution, which includes

a brief outline of the species range and a map showing Alberta collection localities. Illustrations

of taxonomically important characters are presented.

The post-glacial distribution of the Alberta species is discussed and related to post-glacial

vegetational movements and climatic change. The sources of most elements of the Alberta

dytiscid fauna cannot be determined definitely but it is shown that the fauna is of diverse

origin. A Prairie, Boreal and Cordilleran fauna comprise the Alberta fauna. Each component

is of complex origin and is defined on the basis of similarities in range ends of its constituent

species rather than actual associations of species forming discrete faunal units. The areas of

the province with richest faunas are those of a transitional nature.

Les coleop teres dytiscides en Alberta comprennent cent-quarante-cinq especzs distribuees

en 17 genres. Chaque espece est decrite et nous presentons une clefpour leur identification.

Nous avons decrit six especes nouvelles: Hydroporus criniticoxis, Hydroporus carri, Hydroporus

hockingi, Hydroporus rubyi, Agabus margareti et Acilius athabascae. L’espece Hygrotus picatus

(Kirby) est valide, et le nom Dytiscus alaskanus/. Balfour-Brown est de nouveau valide. Nous

avons propose la nouvelle synonymic suivante: Hydroporus coloradensis Fall = H. griseostriatus

(DeGeer); Hydroporus hortense Hatch = H. laevis Kirby; Hydroporus productopunctatus Hatch

- H. alaskanus Fall; Rhantus aequalis Hatch - R. binotatus (Harris); Dytiscus ooligbukii Kirby

= D. circumcinctus Ahrens; et Dytiscus vexatus Sharp = D. dauricus Gebler.

Nous avons Tinformation suivante pour chaque espece: la synonymic, les references choisies,

la description, les notes taxonomiques, les notes siir Vhistoire naturelle et la distribution qui

inclue en court sommaire de la distribution de Tespece et une carte montrant les localitees de

collection en Alberta. Nous avons illustre les caractNes taxonomiques importants.

Nous avons discute la distribution post-glaciere des espece albertaines en relation aux mouve-

ments post-glaciere de la vegetation et du changement climatique. L ’origine de la plupart des

dytiscides albertains ne pent pas etre determinee definitivement, mais nous avons demontre

leur origine diverse. La faune se compose d’Hements des prairies, des regions boreales et des

rocheuses. Chaque groupe est d 'origine complexe et nous les avons definis en fonction de

similarites dans la terminaison de la distribution de leurs especes constituantes plutdt que par

Present address; Saskatchewan Fisheries Laboratory, 30 Campus Drive, Saskatoon, Sask. S7N 0X1.
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Vactuelle association des especes formants des unites faunales discretes. Les regions de la

province les plus riches se rencontrent dans les regions de transition.
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INTRODUCTION

This survey of the dytiscid beetle fauna of the province of Alberta deals with systematics,

distribution and very briefly, habitat preferences of the species.

In spite of statements in the literature such as Arnett’s ( 1963) that “As a group, the species

(of the family Dytiscidae) are well known’’, many taxonomic problems require study. The

higher taxa in the family are well defined, but within the larger genera such as Hydroporus

and Agabus, the arrangement of species in supraspecific categories is unsettled. Many genera

and species groups require revision. Certain species are well known and well defined. However,

many instances of inter- and intrapopulation variation, sexual di- or polymorphisms, and

occurrence of groups of morphologically very similar species, have been observed. I point out

such areas of taxonomic complexity.

The Alberta distribution of each species is described as fully as possible. Certain areas of

the province have been collected extensively. However, large and zoogeographically important

areas such as much of the northern portion of the province, the parkland belt of east-central

Alberta, and the northern Rocky Mountains in and adjacent to Jasper National Park, have

been collected only superficially. Extensive collecting in these areas may lead to the discovery

of new provincial records, and will at least modify certain of the distribution patterns outlined

in this study. Attempts have been made to explain the post-glacial distribution of the present

fauna by consideration of present-day distribution patterns.

Natural history data consist of brief descriptions of the habitat in which adult specimens

of each species are most frequently found. The time of year at which teneral adults are found

is listed for each species, as this gives some idea of the seasonal timing of the life history. Im-

mature stages have not been considered in this study. Much work remains to be done in terms

of relating larvae to adults, description of life histories, and detailed ecological studies of species.

In addition to their inherent biological interest, studies of these insects could appraise their

role as predators on economically important insects such as mosquitos, and as indicators of

environmental conditions.

THE STUDY AREA

The limits of the study area are the political boundaries of Alberta. This large area includes
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a varied range of geological, climatic and vegetational zones. Physical and biotic features of

the province are described in Hardy ( 1967) and R. D. Bird (1961), Moss (1947, 1953, 1955)

and Rowe (1959) describe major vegetational features.

Probably, no species of dytiscid beetle is restricted to Alberta. Most species occurring in

Alberta range extensively in central, western or northern Canada. By including all species

known from neighbouring Canadian areas in at least the keys, it is hoped that this work will

be useful for identification of dytiscids of southeastern British Columbia, the Prairie Provinces

and the southern reaches of the Northwest Territories.

A BRIEF HISTORY OF SYSTEMATIC STUDY OF NORTH AMERICAN DYTISCIDAE

The early history of taxonomic work on the North American dytiscid fauna closely parallels

that on the North American carabid fauna as outlined by Eindroth (1969). Many temperate

and arctic species of Dytiscidae are Holarctic and hence a number were described by early

European workers. North American populations of many of these Holarctic species were de-

scribed as separate species and even to this date, the relationships between certain morpholog-

ically similar forms in the Palaearctic and Nearctic regions have not been determined.

W. Kirby (1837) and C. Aube (1838) were the first Europeans to describe large numbers

of North American species. Kirby’s types of North American Dytiscidae, housed in the British

Museum of Natural History, Eondon, were examined in the course of this study. Most of Aube’s

types, located in the Royal Museum of Natural Sciences, Brussels, Belgium, were not revised

by North American workers. T. Say, in papers between 1823 and 1834, was the first North

American to describe many water beetles. Say’s types are considered to be lost, but recent

authors have generally accepted interpretations as indicated by specimens in the LeConte

collection in the Museum of Comparative Zoology, Harvard University. T. W. Harris (1828,

1829) described several species of Dytiscidae from the eastern United States. Harris’ types are

also located in the Museum of Comparative Zoology.

During the mid 1 800’s, J. E. EeConte, in a series of papers ( 1 845 - 1 878), described a very

large number of dytiscid beetle species,presented catalogue listings, and revised several of the

larger genera. G. R. Crotch ( 1873) revised the North American members of the family and

described a number of new species, but the descriptions are generally too brief to allow reliable

identifications.

The most ambitious work in the history of dytiscid classification is D. Sharp’s (1882) world

revision of the family. He provided a detailed classification of the family, definition of supra-

specific groups, and description of numerous new species from all parts of the world, including

North America. His work was unfortunately hampered by a dearth of material from North

America, but Sharp’s classification is still largely accepted. I examined a few of his types in the

British Museum of Natural History.

G. H. Horn (1871, 1 883) described a few species of Dytiscidae, but generally his work was

very conservative. He proposed considerable new synonymy, but some of these synonyms

have been subsequently revalidated.

H. Wickham (1895a, b, c) published mainly literature compilations on the Dytiscidae of

Canada and covered only a small proportion of the eastern Canadian species.

Since 1900, most research on Nearctic dytiscids has been carried out by North American

workers. Nevertheless, several Europeans including A. Zimmermann (1919-1935), F. Guignot

(1931-1946), F. Balfour-Browne (1934-1950), J. Balfour-Browne (1943-1948) and F. Zaitsev

(1953) made contributions in the areas of nomenclature and classification as well as providing

much information on natural history and distribution patterns of many elements of the Holarc-

tic fauna.

Quaest. Ent., 1975, 1 1 (3)
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H. C. Fall revised the following genera: CoeJambus (= Hygrotus) (\9\9); Agabus (1922);

Hydroponis and Agaporus (= Laccornis) (1923); and Ilybius (1927b). Fall recognized 221

species in the above genera. New species have been described subsequently in each of these

genera but with the exceptions of Wallis’ revision of Ilybius (1939c) and Leech’s revision of

Laccornis (1940), these genera have not been reworked. Fall’s revisions of Hygrotus, Agabus

and Hydroponis remain the basic works for each of these genera.

Since 1900, many new species of Dytiscidae were described by a number of authors includ-

ing Blatchley (Blatchley’s types were revised by Young, 1953d); W. J. Brown; F. S. Carr;H.

C. Fall; M. H. Hatch; H. B. Leech; J. B. Wallis; and F. N. Young. The most important revisions

or reviews of genera are: Laccophilus (J. Zimmerman, 1910)', Desmopachria (Young, 1951);

Bidessini (Hatch, 1928; Young, 1967, 1969), Hygrotus (Anderson, \91\)', Hydroponis (Hsitch,

1933a; R. Gordon, in prep.)', Laccornis (Leech, 1940)', Matus (Young, \953c)', Hydrovatus

(Young, 1956, \963h)', Copelatus {Young, \ 963 a)', Agabus {Lqqc\i, 1942b, and other papers);

Ilybius (Wallis, 1939c); Rhantiis (Hatch, 1928; Zimmerman and Smith, in press); Colymbetes

(Hatch, 1928); (Roberts, 1905; Hatch, 1928)', Graphodcrus (Hatch, 1928; Wallis,

\939h)', Hydaticus (Wallis, 1939a); and Aciliiis (Young, 1954).

Faunal works cover the following areas of North America: Florida (Leng and Mutchler,

1918; Young, 1954); Maine (Malcolm, 1971); Indiana (Blatchley, 1910); North Dakota (Gordon

and Post, 1 965); Manitoba (Wallis, 1 973); Baja California (Leech, 1 948b); California (Leech

and Chandler, 1956); Nevada (LaRivers, 1951); Utah (Anderson, 1962); and the Pacific North-

west (Hatch, 1953).

H. Bertrand and K. Galewski described the immature stages of many European species of

Dytiscidae. Chief among the few studies of Nearctic immature dytiscids are those of Needham

and Williamson ( 1 907), Wilson (1923), Chandler (in Leech and Chandler, 1 956), James ( 1 970)

and Watts (1970).

The only previous faunal work on Alberta Dytiscidae is in F. S. Carr’s (1920) list of Coleop-

tera of Northern Alberta. Although the results of their work were not published, a number of

people have made valuable contributions in the exploration of the water beetle fauna of the

province. Based upon records that I have seen, the most important of these collectors are as

follows: F. S. Carr, collected a very large number of water beetles between 1914 and 1932 in

the Edmonton and Medicine Hat areas, as well as southwestern Alberta and Banff; O. Bryant,

collected in various areas of southern and central Alberta between 1925 and 1928; S. H. Pepper

collected in the Lethbridge and Waterton areas in 1929 and 1930; W. J. Brown made two col-

lecting trips to Alberta - McMurray (1953) and Banff (1955); A. R. Brooks collected many

specimens on trips into Alberta - Cypress Hills (1952) and Central Alberta (1957, 1961); Mr.

and Mrs. J. L. Carr, from 1953 to the present, have taken specimens of almost all species of

Dytiscidae known from the province.

MATERIAL

Material for this study consisted of more than 27,000 adult specimens of dytiscid beetles

collected primarily from Alberta, mostly during the summers of 1970, 1971 and 1972. Addition-

al specimens were obtained on loan from the private collection of Mr. and Mrs. J. L. Carr,

Calgary, Alberta; the Canadian National Collection, Ottawa; and the Strickland Museum,

Department of Entomology, University of Alberta, Edmonton.

Eocalities from which 1 examined specimens of each species are indicated on maps (Figures

326-469). However, except for a few infrequently collected species and the new species described

in this work, a detailed list of collecting localities is not presented. Copies of a complete list

of localities are in the Department of Biology, University of Calgary, and the Department of
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Entomology, University of Alberta. Reference to a locality from which a specimen was col-

lected is followed by the name of the collector (if known) and/or the museum in which the

specimen is housed. If no collector or collection is indicated, the specimen was collected by

Donald N. Larson, Margaret A. Larson or myself. Specimens collected by B. J. and J. L. Carr

and housed in their collections are indicated by CARR. The names of all other collectors are

written in full, followed by an abbreviation for the museum in which the specimens currently

reside. Abbreviations for museums are:

BMNH British Museum of Natural History, London

CARR Collection of Mr. and Mrs. J. L. Carr, Calgary, Alberta

CAS California Academy of Sciences, San Lrancisco, California

CNC Canadian National Collection, Ottawa, Ontario

MCZ Museum of Comparative Zoology, Harvard University, Cambridge, Massachusetts

UASM Strickland Museum, Department of Entomology, University of Alberta, Edmon-

ton, Alberta

UC Department of Biology, University of Calgary, Calgary, Alberta

USNM United States National Museum of Natural History, Washington, D. C.

Small representative collections of Alberta Dytiscidae are retained by the Department of

Biology, University of Calgary and by myself. Also, representative collections were deposited

in CAS and with J. Zimmerman, New Mexico State University. Representative collections of

Hygrotiis and Hydropoms sensu stricto were sent to R. Anderson (Southern Utah State Col-

lege, Cedar City, Utah) and to R. Gordon (USNM), respectively. The remainder of the material

collected during the study is in the CNC and UASM, with the majority of specimens in .the

latter collection. Holotypes and allotypes are in the CNC. The disposition of paratypes is listed

under the description of each new species.

METHODS

Collection and preservation of specimens

A common method to collect water beetles is to wait by the side of a body of water, and

to capture beetles swimming by with a sieve or light weight net. A modification is to sweep

the net through aquatic vegetation and capture insects resting there. Both methods on occasion

yield good results, but for the most part only larger strong swimming species are taken in this

way.

In almost every body of water, most dytiscids are in the zone of emergent vegetation, but

in melt water ponds or recently flooded areas, the beetles are in dense flooded mats of ter-

restrial vegetation near the shore line. When cover is extremely dense, beetles are difficult to

collect, and one must use a very stout net and considerable effort.

The best collecting procedure is to select an area of dense vegetation or detritus, and attack

it by sweeping vigorously through a restricted area and treading in the area to roil up the bot-

tom and vegetation. A given area should be swept and churned a number of times before moving

on, as some specimens, especially those of the larger strong swimming species, often take refuge

in dense mats of detritus or on the bottom where they are difficult to capture in a net. Discretion

should be used in collecting, for this technique damages vegetation and if carried out extensively

severely modifies a small body of water. Collecting should not be restricted to definite ponds

or streams, for small bodies of water no more than a few square feet in extent and several inches

deep, often possess characteristic faunas, especially when fed by small springs or seepage areas

or located in a moss carpet. Sphagnum mats possess an interesting and poorly known fauna.

These are best collected by sweeping a net through small C^zrcx-filled pools or by treading the

moss down so that water appears and then sweeping this shallow layer of water.
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Flowing water contains many characteristic species. Beetles are found by turning over rocks

and logs just at or below water line, by sweeping emergent or trailing vegetation along the

banks, or by swirling a net over the bottom in pools and eddies, to disturb sediments and

beetles resting on them, and to raise the beetles into open water where they can be captured

by the net. In streams with coarse gravel or large rocks, beetles are observed swimming over

rocks and clinging to them. They are captured by picking them off the rocks by hand or with

a small household strainer or dip net.

Beetles inhabiting shallow gravel shore lines of mountain lakes and clay-bottomed saline

prairie lakes are collected by disturbing the bottom with a net or foot and then sweeping the

net through the disturbed area to capture any specimens dislodged from the bottom.

Specimens of certain species, especially those of Colymbetes and Dytiscus, are collected

readily during their dispersal periods. In late summer and early fall, these insects come to light

in numbers, especially in rural areas. At this time, there are often large flights of beetles leaving

ponds Just at sunset, and under certain conditions the beetles can be collected as they pull

themselves out of the water in preparation for flight, or with an aerial net just after they have

taken flight. Many species showing spring dispersal are diurnal. These can be captured in flight

or they may often be found landing on shiny dark surfaces such as cars.

Larvae are usually in the same situations as the adults, but may be found in more open areas,

particularly the larvae of the larger active forms such SiS Dytiscus or the almost pelagic larvae

of Graphodems and Acilius.

Adults and larvae are captured in traps which are basically modifications of the funnel design

of minnow traps (James and Redner, 1965; F. Goulet, pers. comm. 1971). If specimens are to

remain alive in a trap, an air space or access to the water’s surface must be provided to allow

the insects to respire.

The beetles are preserved most easily by placing them directly into 90-95% alcohol. After

the collection is completed, the alcohol is renewed and again, after a day, it is replaced with

70% alcohol if extended storage is required. Because of the rigid structure of the body, the

beetles undergo little or no distortion in alcohol. However, prolonged storage makes them

brittle and makes extraction of the genitalia difficult. Specimens of certain species change

color with preservation. Pale individuals tend to bleach with prolonged storage in alcohol and

certain specimens of Laccophilus, greenish in life, fade to testaceous or yellow. Permanent

storage is best effected by pinning the specimen, or if it is smaller than 7 or 8 mm in length,

by glueing it onto a paper point on a pin. Specimens are best studied dry to observe fine micro-

sculpture and punctation. Prior to pinning, specimens should be washed thoroughly in soapy

water to remove particles of dirt and grease.

Illustrations

Line drawings, prepared with the aid of a camera lucida, illustrate taxonomic characters and

augment descriptions. Illustrations of homologous structures in related species are to the same

scale and from the same aspect.

Scanning electron micropictographs are presented to clarify descriptions of microsculpture.

These illustrations are clearer and at a higher magnification than structures seen through an

ordinary binocular microscope. For this reason they do not agree precisely with the descriptions

in the text which are based on visual examination of specimens. For example, in the genus

Agabus, some forms of elytral sculpture are described as isodiametric and rounded. Examination

of the appropriate illustration shows that mesh size and shape vary slightly.

Measurements

Measurements were taken routinely from a sample of specimens for each included species.
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If sufficient specimens were available, at least 20 from the same population sample were meas-

ured, but lacking sufficient material from one locality, specimens from several localities within

as limited a geographical area as possible, were pooled. For species exhibiting geographical

variation in mensural characters, data were obtained for two or more population samples, in

order to describe pattern and magnitude of variation. Measurements and their abbreviations

are:

Total length (TL) — a single measurement from the anterior margin of the clypeus to

the apex of the elytron.

Maximum width (MW) — width of body at its widest point.

Width of metasternum (WS) — minimum width of sternum between marginal rim of

mesocoxa and anterior border of metacoxal plate (Fig. 133).

Width of metacoxa (WC) — width of metacoxa along the extension of the same line

along which measurement WS is taken (Fig. 133).

The ratio TL/MW is given for all species as this is a good index of shape of the insect. Values

for WC/WS are given for species in genera in which this ratio provides a useful taxonomic char-

acter. For each measurement or ratio, range, mean and standard deviation are presented.

Most measurements were made with a micrometer lOX eye piece in a Wild M5 stereomicro-

scope. At 50 magnifications, one division on the micrometer scale equalled 0.02 mm. Measure-

ments of specimens of Dytisciis, too large to measure conveniently under a microscope, were

made with a pair of calipers on which one division equalled 0.05 mm.

Cluster analysis

A cluster analysis was used to compare the faunas of various areas of the province in order

to define the major patterns of faunal distribution. The analysis was performed on a CDC
6400 computer using the University of Calgary Computer Services library program UCCS-72-

CLUSTAN-1, a modification of D. Wishart’s CLUSTAN-1 program (Wishart, 1968).

The basic procedures of cluster analysis were well explained by Sokal and Sneath (1963),

Cairns and Kaesler ( 1 969), Cairns et al. ( 1 970), and Roback et al. ( 1 969).

The method of analysis was as follows. The province was divided into twenty zones (Fig. 3)

and a list of dytiscid species found in each zone was compiled. The faunal composition of each

zone was compared with that of every other zone by means of a Jaccard Coefficient of simi-

larity which is;

S- = a

J a + b + c

where a, b and c are standard notation for binary data in a 2 by 2 contingency table (Simpson,

Roe and Lewontin, 1960; Cairns et al., 1970), indicating the presence or absence of species in

a given zone. The Jaccard coefficient was used because it omits negative matches from the

calculation of the coefficient of similarity, hence mutual absence of a species from two zones

being compared does not contribute to their level of similarity. Calculation of the Jaccard co-

efficient of similarity between all pairs of zones produced a matrix of similarity indices. These

data were ordered into a hierarchy based on similarities by means of a group average method

of cluster analysis (Wishart, 1968). Results are presented in the form of a dendrogram.

Criteria for recognition of species-group and genus-group taxa

Whitehead (1972) gives a lucid account of his criteria for the recognition of species-group

and genus-group taxa. For the most part, I agree with his criteria with only minor modifications

to conform to the geographically more limited nature of this study. Mayr (1963, 1969) defines

a species as a population or group of populations between which gene flow actually or poten-

tially exists and which are reproductively isolated from other similar populations. As so defined,

Qiiaest. Ent, 1975, 1 1 (3)



252 Larson

this is the only taxonomic category that has an objective basis. Nevertheless, conclusions re-

garding the application of the definition to a population must be based on data other than

direct observation of reproductive isolation in most systematic studies. Morphological char-

acteristics, distributional and ecological data are used in ranking population samples. Dis-

continuity in morphological features is the major criterion for postulating reproductive iso-

lation between populations and hence is the major criterion for defining species limits. For

sympatric forms, this practice presents few problems. On the other hand, geographically sepa-

rated populations are not so easily treated, especially if they differ in only a few minor features,

or if the differences are inconsistent. If geographically intermediate populations possess inter-

mediate characteristics, I interpret this as evidence of gene flow and treat the populations so

connected as members of the same species.

In some groups, intraspecific differences between the sexes is greater than interspecific

differences between members of the same sex. Thus the conspecific sexes are determined by

association, or rarely, by finding specimens in copulation.

Erwin (1970) and others criticize the use of subspecific names on the basis that “criteria

other than morphological characters of museum specimens (are) necessary for the recognition

of limits of taxa below the species level”. This criticism is appreciated especially in light of

the tendency of taxonomists working on some groups to apply trinomials to every recognizable

form or population. Nevertheless, a nihilistic approach to the problem is not any more illumi-

nating. A major portion of taxonomic work involves recognition and description of variation

and diversity. A formal system of nomenclature codifies and allows this information to be ex-

changed without using long descriptive phrases. Erwin correctly advocates description of this

variation, analysis of the pattern and investigation of environmental and historical correlations.

The subspecific trinomial is a shorthand notation for these patterns just as other taxonomic

names are for other patterns. A special case is continuous variation where segregation into

taxa involves arbitrary decisions about limits unless the zone of intergradation is relatively

narrow. Even an otherwise rather trivial character may have zoogeographical significance,

especially if it acts as a marker for a group of populations of common origin. In cases such as

this, trinomials serve a useful purpose and have been thus used in several instances in this study.

I agree with Lindroth (1969) about the inadvisability of dividing genera, as long as this does

not result in an artificial grouping of unrelated taxa. Thus I define broadly the genera and

higher taxa of Dytiscidae. This creates a classification that can be mastered relatively easily

by the non-specialist. I am not convinced that some genera or subgenera created at the expense

of certain of the larger genera, are clearly monophyletic or comparable in status. These less in-

clusive groups lose most of their usefulness if they fail to meet these criteria.

Taxonomic characters and terms

The principal taxonomic characters and terminology used, are explained below. For addition-

al details, see Torre Bueno (1962). Characters used in only one or two genera, are discussed

following the appropriate generic description.

Color. — Color is described at some length for most species. Differences in color are frequent-

ly correlated with differences in structural features, and because of ease of observation color

characters are used extensively in keys and descriptions. Color of the ventral surface of the

body is described very generally, as color in this area varies considerably intraspecifically.

The principal terms used to describe colors are: yellow, red, brown and black. Generally,

however, the insects do not show pure colors. Terms used to designate intermediate colors are

testaceous (yellow with a brownish or blackish tinge), rufous (reddish), and piceous (pitchy).

Some species possess a metallic sheen which is usually green (aeneous) or coppery (cupreous).
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Sculpture. — Sculpture takes on many forms such as pits, ridges, grooves or lines, and is

often very important for species recognition. Microsculpture, in simplest form, consists of

finely engraved lines which intersect at more or less regular intervals to form numerous round-

ed or polygonal smooth areas referred to as meshes of the sculpture. Many specimens possess

two or more patterns of sculpture: a series of fine lines and small meshes which is broken up

by coarse lines forming coarse large meshes. In the following descriptions, the most coarsely

impressed network of lines is referred to as the primary sculpture while the more finely im-

pressed network is called the secondary sculpture. The terms “primary” and “secondary” are

used in a strictly descriptive sense. F. Balfour-Browne (1940) considers the basic sculpture of

dytiscids to consist of reticulation and punctation or modification of these. What is treated

here as primary sculpture, is derived, according to Balfour-Browne, by modification of the

basic fine reticulation and hence is of secondary origin. Recently, Young ( 1963c) and Zim-

merman (1970) used the terms “single” and “double” to describe presence of a network of

fine meshes or a tendency toward development of coarse large meshes, respectively. I have

not used this terminology because many specimens that possess “double” sculpture have

secondarily lost the fine basic sculpture, and while in such cases this terminology is unambiguous

phylogenetically, it may be confusing in a descriptive sense. The term “dual punctation” means

that punctures of two distinct size classes are present.

Sexual Characters. - Primary and secondary sexual characters often provide the best specific

characters for species recognition. These characters are either described or illustrated with line

drawings.

The majority of these characters occur on the male and consist chiefly of features of the

pro- and mesotarsal articles, the protarsal claws, abdominal sternum 6, and the genitalia which

include aedeagus (penis or intromittent organ) and parameres. Terminology is complex for

parts of the tarsus. Authors have used “pallette” interchangeably for adhesive suckers on the

ventral surfaces of the pro- and mesotarsal articles, or for the plate formed by expansion of

articles 1 to 3 of the protarsus. Here, the term refers to the latter case, and I refer to vestiture

of the tarsal articles as adhesive hairs, scales or discs, depending upon size of the structure.

Organization of species accounts

For each species the following groupings of information are presented: synonymy and lit-

erature references; species diagnosis; description; taxonomic notes; natural history notes; and

distribution.

The synonymy and literature references section consists of a listing of names proposed for

each species, a literature citation for each original description, and a listing of the type locality.

Under each species name, a selected list of literature references is presented, including taxonomic

studies, faunal works, biological studies and catalogue listings. The history of changes in a name’s

status or generic placement is not presented. I have accepted most of the synonymy from previous

publications, usually without comment or explanation, but the sources are presented. New
synonymy or changes in the status of names that have been introduced here, are discussed un-

der Taxonomic notes.

The diagnosis is a brief statement of the principal characters that distinguish the species from

related forms.

The description includes a list of measurements of selected specimens and a brief description

indicating general appearance and color, with emphasis on a comparative description of char-

acters of importance in species recognition and classification.

The taxonomic notes include a discussion of such topics as nomenclatural problems, descrip-

tion of observed variation, and observations on relationships and classification.

The natural history notes are summaries of my impressions of the prevalent conditions under
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which specimens of a given species are collected. Time of year at which teneral specimens

were collected provides information on seasonal timing of the life cycle. Observations on flight

are given when available.

In the distribution section, the continental range of the species is outlined in very general

terms, mainly based on published distributional data. Sources of this information are not cited

in this section but are included in the list of references. In those cases where I have seen speci-

mens from outside of Alberta that present new data regarding the range of the species, the

localities from which the specimens were collected as well as the museum in which they are

housed, are listed. An autopsy sign (!) or abbreviation for a museum or collection following

a locality listing, indicates that I examined specimens from that locality. The Alberta distri-

bution is outlined in general terms and locality records for each species are plotted on a map.

Locality records are on file in the Department of Biology, University of Calgary, and the

Department of Entomology, University of Alberta, Edmonton.

SYSTEMATICS

Eamily Dytiscidae Eeach, 1817

Dytiscidae Leach, 1817: 68. (emendation of Dyticidae Leach (Opinion 619, Bull. Zool. Nom. 18 (1961)).

All members of this family are aquatic and show adaptations for aquatic life. These beetles

vary little in body form, being generally fusiform or oval in outline with flattened hind legs

and enlarged metacoxae. The medially divided first visible abdominal sternum (belonging to

segment 2) separates members of this family from the aquatic Polyphaga - especially the

superficially similar members of the family Hydrophilidae. A filiform antenna of 1 1 articles,

one pair of compound eyes, lack of large coxal plates covering the metatrochanters and presence

of long natatorial setae on the hind legs separates these insects from other Alberta families of

aquatic Adephaga which are Amphizoidae, Haliplidae and Gyrinidae.

Description - Adults of Alberta species range in TL from 2 to 40 mm; body oval in outline, dorsoventrally flattened in

members of some species; pronotum of most specimens as broad basally as elytra across humeral angles; color various, usually

dark but also pale with dorsal surface variously maculate; body glabrous or setose.

Head narrower than pronotum, prominent, prognathous or hypognathous; antenna with 11 articles, inserted under frontal

ridge between eye and base of mandible; mandible stout, blunt or bifid at ape.x; maxillary palpus with 4 articles, labial palpus

with three articles; mentum with median emargination truncate or toothed medially; eyes large; fronto-clypeal suture evident

or obsolete.

Pronotum of most specimens with maximum width at or near base, sides usually evenly rounded laterally and forming a

continuous curve with elytron; less commonly narrower than elytron across base; rarely sinuate before postero-lateral angle.

Scutellum visible or hidden by postero-medial lobe of pronotum. Elytra streamlined, maximum width of most specimens

at or shghtly before middle; typically smooth with 3 or 4 longitudinal series of setiferous punctures (serial punctures) on disc;

longitudinally grooved or sulcate on some specimens; variously sculptured. Prosternum prolonged between procoxae, in many

specimens apex received into groove on anteriomedial margin of metasternum between mesocoxae: procoxal cavities open

behind. Metepisternum reaching mesocoxal cavities (except Laccophilinae in Alberta fauna). Metacoxa very large, laterally

reaching epipleuron of elytron. Front and middle legs slender, hind legs usually distinctly flattened and edged with natatorial

hairs. Tarsi 5-5-5 or actually or apparently 4-4-5; articles 1 to 3 of pro- and mesotarsi of many males variously dilated and

clothed beneath with adhesive hairs or scales; protarsal claws of males often modified.

Abdomen with 6 visible sterna, sternum 1 divided medially by metacoxae: sterna 1 to 3 connate. Male genitalia with median

aedeagus and paired lateral lobes or parameres: parameres usually symmetrical and setose apically. Female genitalia various.

Farvae campodeiform, cyhndrical or slightly flattened: distinctly segmented. Dorsal surface completely sclerotized, less

so ventrally. Color white or yellow to black, most specimens yellow with distinct gray or brown maculations. Head prominent

and exserted, flattened, prognathous: labrum and clypeus fused, often greatly prolonged anteriorly and covering mandibles:

mandibles elongate and slender, acute apically and grooved or hollowed internally for sucking: antenna elongate and prominent,

with four articles, but in some specimens articles secondarily divided: maxillary palpus with three or four articles, labial palpus

with three articles: ligula of labium present or absent. Head with six pairs of ocelli or ocelli absent (exotic forms).

Prothorax often longer than other two thoracic segments combined. Fegs of five articles; coxa, trochanter, femur, tibia,

tarsus: each tarsus with two claws. Abdomen with eight segments, segment 9 reduced and not visible dorsally; segment 8 often

elongate: cerci present, nonsegmented. Most specimens without lateral gills (present only on Coptotomus), six or seven parrs

of spiracles.
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Natural history. - For good general summaries see Needham and Williamson ( 1907), Balduf

(1935), F. Balfour-Browne ( 1940), Leech and Chandler (1956), and Galewski ( 1971).

Active stages are aquatic. Nevertheless, the insects depend largely upon atmospheric oxygen

for respiration, and both adults and larvae of most species must come to the surface of the

water at intervals to renew their air supply. Adults carry air in their tracheal system as well

as in a subelytral chamber into which the abdominal spiracles open. Air is renewed while a

beetle hangs head downward from the surface film of the water with apices of the elytra and

the last abdominal tergum exposed. Larvae carry their air supply in the tracheal system. This

supply is renewed through the terminal pair of abdominal spiracles which are thrust through

the surface film when the larva comes to the surface. Larvae of certain small species as well as

very small larvae of larger species may respire cutaneously and thus do not need to surface

(Galewski, 1971). The larva of a species of Coptotomiis possesses gills (Wilson, 1923), and is

the only dytiscid larvae known to possess gills.

Dependence upon atmospheric oxygen is probably a prime factor restricting dytiscids to

very shallow water. Adults and larvae are generally inhabitants of small, shallow bodies of

water or the margins of larger lakes and rivers. They occupy the zone of emergent vegetation

or mats of plant debris or flooded terrestrial vegetation along the shoreline. Seldom are beetles

or their larvae common in water more than two or three feet deep. Most are lotic but certain

ones are restricted to flowing water, ranging in size from small seepage areas to springs, creeks

and the margins of large fast-flowing rivers. Other habitats of dytiscids include the rocky shore-

line of high elevation oligotrophic lakes, Sphagnum bogs and highly saline prairie ponds. A
large proportion of the Alberta fauna is either restricted to, or at least occurs in part in, tem-

porary ponds which fill with water in spring during snow melt then slowly dry up during the

summer. My observations on the habitats of dytiscids are in accord with those of Galewski

(1971) who concludes that the “ecological distribution of species is mostly determined by a

permanence degree of their habitat, and the depth and often size of a water body, that is,

structural features seem to play ... a far greater role than chemical features such as pH, sahnity,

degree of aeration, etc. Furthermore, the presence or absence of vegetation and its composition

. . . together with the presence or absence of sediments. . . seem to have a great significance in

the occurrence of the particular species.”

Most, if not all, temperate species of Dytiscidae are univoltine. Most species overwinter as

adults which apparently lay eggs in the spring. Larval development occurs during the spring

and early summer with adults emerging in late summer or fall and hibernating. The larvae pass

through three instars, the first two of which are of short duration while the third instar is pro-

tracted and may last as long as a month in certain large species (e.g., Dytiscus sp., James-, 1970).

When fully grown, the third instar larva leaves the water for pupation on land. The pupa is

generally formed in a cell in moist earth, in leaf litter, or under cover. The pupal stage is general-

ly of short duration, but after emergence, the adult remains in the pupal cell for some time while

the cuticle hardens.

This basic pattern of life cycle shows a great deal of interspecific variation which, to a large

extent, is related to the seasonal history of the habitat in which the species is found. Species

characteristic of temporary melt ponds or runoff creeks complete their larval development early

in spring. Adults of these species are often found in copulation at the appearance of the first

open water in the spring, and small larvae are collected frequently from ponds still partly frozen

over and fed by melting snowbanks. Species living in permanent habitats apparently breed later

in the season as a rule, and the larvae of species of Dytiscus, Graphoderus and Aciiius are found

as late into the season as August. The larvae of species that live in creeks and rivers are usually

found in mid-summer, after the heavy spring runoff has passed. Larvae of a few species over-

winter, and apparently complete early development in the fall, overwinter, then resume develop-
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ment the follovv'ing spring. Larvae of species that live in springs that do not freeze are active

all winter (e.g., Agabiis austinii). Unidentified larvae hibernating in the soil in basins of dried

out ponds presumably would have become active the following spring when the pond refilled.

Adults of Agabiis erichsoni, a species characteristic of small temporary ponds, lay eggs in the

early spring which undergo a limited amount of embryonic development then enter a state

of diapause broken by exposure to an extended period of cold. Thus, these eggs do not hatch

until the next spring (James, 1970).

Overwintering is achieved in several ways. Adults of a few species remain active under the

ice of lakes or in streams which do not freeze. However, most beetles probably burrow into

soil in dry basins of temporary ponds or leave the water and hibernate in litter or soil near the

water (Galewski, 1964a). This latter tactic is suggested by the fact that beetles often are found

in the shallow layer of melt water forming over and along the ice of still frozen lakes in early

spring. At this time, beetles that remained in the lake still would be locked under the ice.

Popham (1952) and James (1970) suggested that dytiscids leave drying ponds for permanent

water in the summer and fall, returning again in the spring when the pools are refilled. Certain

species, such as those of Colymbetes and Dytiscus, have strong flying adults which undertake

extensive summer and fall flights, probably use this strategy in part. However, adults of the

majority of species, especially those largely restricted to temporary ponds, are collected during

the winter from vegetation and soil from the pond margin or basin. Some larvae also can be

collected during the winter from soil at the bottom of dry ponds. Hence, it appears that

hibernation is in or near a site of typical habitat for the species. Adults of species that occupy

temporary habitats generally disperse in the spring when such habitats are present, while adults

whose species principally occupy permanent water disperse in later summer and fall, as well

as in the spring. Although members of all Alberta species of dytiscids except of Agabiis bifarius

apparently possess fully developed wings, the beetles may not all be capable of flight. Jackson

(1952, 1956) found that flight muscles may be only poorly developed in specimens with other-

wise full wings. Development of the flight muscles may be individually varying, or in an indivi-

dual, may function for a while, and then atrophy.

A variety of methods of oviposition have been observed, ranging from a simple scattering

of eggs over the bottom of a pond, arrangement of eggs on the surface of plants, in crevices

or in mud along the shoreline, to placement of eggs in plant stems either by the female biting

a hole into the stem and laying her egg there or by means of a modified ovipositor which

pierces, slices or saws an opening into the stem in which the egg is laid (Wesenberg-Lund, 1912;

Boving, 1913; Jackson, 1958, 1960). Generally, eggs are thin-walled and delicate and the egg

stage lasts only a short time. Jackson (1958) found that eggs of Agabus bipustulatus (L.) are

capable of surviving for some time out of water if surrounded by plant material. Eggs of Agabus

erichsoni G. & H. are resistant to both cold and drying (James, 1970).

Although these insects are known as “predaceous” water beetles, many observations indicate

that adults may be, at least partly, scavengers, feeding upon dead or injured animals (Leech,

1945a; Johnson and Jakinovich, 1970; Smith, 1973). On the other hand, most observations

indicate that larvae are voracious predators, and certain species may be of considerable economic

importance by eating mosquito larvae (James, 1961, 1 966) or upon fish (Wilson, 1 923). Adults

possess generalized biting mouthparts and ingest particulate material which is stored in a crop

or distended portion of the foregut prior to being crushed or further macerated by the often

complexly organized teeth and filter apparatus of the gizzard (F. Balfour-Browne, 1934a, 1935).

The larvae of most species possess grooved or hollow mandibles and suck fluids from their prey.

The larva of Copelatus ingests large particulate food crushing it in the specially modified gizzard

(Williams, 1936).

Schildknecht (1970) found that two different portions of the body are employed in production
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of defensive secretions: prothoracic glands, situated in the prothorax and discharging between

the head and the pronotum; and pygidial glands, discharging from the apex of the abdomen.

The prothoracic glands produce steroids which affect the autonomic nervous system of verte-

brates and hence have been interpreted as acting as a defense against vertebrate predators. How-

ever, as these compounds are similar to the wetting agents of soaps, they may serve this latter

function for beetles whose smooth cuticle might otherwise be hydrophobic. The pygidial glands

produce benzoic acid and phenols which are antiseptic. Schildknecht believes that the beetles

spread these materials over their bodies to prevent attachment of microorganisms.

Distribution. — This family is cosmopolitan. Many groups reach their greatest diversity in

temperate and boreal regions although others are primarily tropical. The majority of the tem-

perate genera are Holarctic in distribution, as are many species. Most temperate species have

very wide ranges.

Key to Adults of Genera of Alberta Dytiscidae^

1. Scutellum of mesothorax not visible, concealed by posterior margin of pronotum

r

2 ( 1 )

3 (2)

3’

4 (3)

4’

5 (3)

5’

6 (5)

6
’

2

Scutellum of mesothorax visible 7

Protarsus and mesotarsus of five distinct articles, article 4 approximately as long

as 3; metepisternum separated from mesocoxal cavity by mesepimeron; middle of

prosternum and its process in same plane (Laccophilinae)

Laccophihis Leach, p. 259

Protarsus and mesotarsus apparently or actually of four articles, true article 4 ab-

sent or concealed between lobes of article 3; metepisternum attaining mesocoxal

cavity; middle of prosternum not in same plane as its process (Hydroporinae). . 3

Metacoxal process flat, more or less adpressed to level of abdominal sternum 1,

side not diverging laterally as lateral lobe; base of metatrochanter entirely or main-

ly free; size very small, TL less than 2.4 mm 4

Metacoxal process raised^ above level of abdominal sternum 1, its side diverging

posteriorly as lateral lobe covering base of metatrochanter; size various, most speci-

mens with TL greater than 2.5 mm 5

Metatibia straight, of almost equal width from near base to apex; metatarsal claws

unequal; body short and broad, almost globose (Fig. 267); basal margin of pronotum

and elytron each lacking a deeply impressed longitudinal stria

Desmopachria 261

Metatibia slightly arcuate, narrow at base and gradually broadened toward apex;

metatarsal claws equal; body elongate and oval in outline; basal margin of pronotum

and elytron each with a sharply impressed longitudinal stria

Liodessus Guignot, p. 262

Elytron with epipleuron crossed by diagonal carina at shoulder (Fig. 110)

Flygrotus Stephens, p. 264

Epipleuron without carina at shoulder 6

Metafemur not attaining outer margin of lobe of metacoxal process, separated by

basal portion of metatrochanter Hydroporus Clairville, p. 279

Metafemur with base attaining level of outer margin of lobe of metacoxal process

Laccornis Des Gozis, p. 325

1. Modified from Leech and Chandler, 1956

2. Specimen lying on its back.
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7 (1 ) Eye with anterior margin above base of antenna, emarginate: male with articles 1

to 3 of protarsus widened but not forming an oval or circular pallette (Colymbetinae)

8

7’ Eye with anterior margin not emarginate: male with articles 1 to 3 of protarsus

greatly broadened, together forming an oval or nearly round pallette (Dytiscinae)

14

8 (7) Metafemur ventral surface with linear group of setae near the posterior apical angle,

OR if setae not linearly arranged, metatarsal claws of equal length 9

8’ Metafemur without such a group of setae: metatarsus with claws obviously un-

equal 12

9 (8) Terminal article of each palpus emarginate at apex Coptotomus Say, p. 377
9’ Terminal article of each palpus entire, not emarginate apically 10

10

(9) Eabial palpus with penultimate article enlarged, triangular in cross section, faces

concave and unequal: postmentum longitudinally ridged

Carrhydrus Eall, p. 369
10’ Eabial palpus with penultimate article linear, not enlarged and triangular: post-

mentum not ridged 11

1 1(10) Metatarsus with claws of equal length, or if slightly unequal then both very short

and only 1/3 length of metatarsal article 5 Agabiis Eeach, p. 327

1
1’ Metatarsus with claws obviously unequal, outer claw 2/3 or less length of inner . .

Ilybiiis Erichson, p. 370

12 (8) Elytron with sculpture of numerous, parallel, transverse grooves

Colymbetes Clairville, p. 386

1
2’ Elytron variously reticulate, without deeply impressed transverse grooves .... 13

13(12) Pronotum without lateral bead: elytron coarsely reticulate: large, black, TL greater

than 13 mm Neoscutoptenis Balfour-Browne, p. 384

13’ Pronotum with a lateral bead continuous or not throughout length of side: elytron

not coarsely reticulate: color various: size smaller, TE less than 12 mm
Rhantiis Dejean, p. 378

14 (7) Metatarsus with dorsoapical margins of articles 1 to 4 glabrous: size very large, TL
greater than 20.0 mm Dytiscus Linnaeus, p. 394

14’ Metatarsus with dorsoapical margins of articles 1 to 4 each bearing fringe of short,

flat, golden setae: size smaller, TL less than 20 mm 15

1 5( 14) Metatibial spur with apex acute: metasternum with outer margin of lateral wing,

straight Hydaticus Leach, p. 405

1
5’ Outer (shorter) metatibial spur with apex emarginate: metasternum with outer mar-

gin of lateral wing strongly arcuate 16

16(1 5) Elytron with punctation fine; female with elytron not longitudinally fluted or hairy:

male pallette of protarsus with numerous round adhesive discs on ventral surface

Graphoderus Dejean, p. 406

16’ Elytron with punctation coarse and dense; many females with elytron longitudinally

fluted, impressions with suberect setae: male pallette of protarsus with three large

adhesive discs and two groups of numerous adhesive hairs on ventral surface

Aciliiis Eeach, p. 409

Subfamily Eaccophilinae

This subfamily is represented in all major zoogeographical regions of the world. The genus

Neptostenius Sharp is restricted to the Old World, and Laccodytes Reg. is found in the New
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World tropics and subtropics. The third genus in the subfamily, Laccophilus Leach, is cosmo-

politan.

In this subfamily, the metepisternum does not reach the middle coxal cavities. Sharp (1882)

termed this group the “Dytisci Fragmentati” while all other subfamilies of Dytiscidae were

assigned to the “Dytisci Complicati”. Lindroth ( 1969) has criticized the use of such coxal

characteristics in defining major groups in the family Carabidae: however, in the case of the

Laccophilinae, the group is well separated from the remainder of the Dytiscidae on the basis

of other characters, the most important of which are given in the following generic description.

The treatment of Laccophilus is drawn primarily from Zimmerman’s (1970) careful revision

of the North American species.

Genus Laccophilus Leach, 1817

Laccophilus Leach, 1817: 69. (Type species - Dytiscus minutus Linnaeus, designated by Westwood, 1838).

Diagnosis. - In addition to the characters given in the key to genera, members of this genus

may be recognized on the basis of pale color of the dorsal surface of the body, small size, (less

than 6.5 mm), and strongly lobed metatarsal articles.

Description. - The following description applies primarily to the two Alberta species. Size small (3.9 to 6.4 mm); body

broadly oval, flattened ventrally and only lowly convex dorsally. Dorsal surface glabrous except for two irregular rows of

setae on disc of each elytron and row of conspicuous golden setae near apical lateral margin of elytron. Sculpture of small

polygonal meshes: abdominal sterna with several oblique grooves.

Head deflected downward, more or less hypognathous: eye with anterior margin slightly emarginate at middle; mentum

without medial tooth. Pronotum without lateral bead; posterior margin produced and covering scutellum. Prosternum and

prosternal process on same plane when viewed from side; prosternal process carinate medially, apex acute. Metasternal wings

narrow laterally, arcuate. Metacoxal processes with margins parallel anteriorly, divergent posteriorly as lobes over bases of

metatrochanters. Metatibia with posterior margin glabrous in both sexes, without natatorial setae; metatibial spurs emarginate

apicaUy. Tarsi of all legs clearly composed of five articles, article 4 subequal to article 3; metatarsi very broad, each article

with posterio-apical angle strongly lobed: metatarsus with claws unequal or with only single claw.

Male with articles 1 to 3 of pro- and mesotarsi dilated, but not together in form of broad oval plate, with stalked oval

scales beneath. Genitalia: parameres asymmetrical, right smaller and more strongly sclerotized than left; aedeagus at least

twice as long as either paramere, asymmetrical.

Ovipositor strongly sclerotized, toothed ventrally

Larvae of both Alberta species were described (Wilson, 1923; Watts, 1970).

Key to Adults of Alberta species of Laccophilus

1 Elytron irrorate (freckled with small brown spots), with distinct pattern of dark

and pale areas; TL greater than 5.0 mm L. maculosus Say, p. 259

1’ Elytron not irrorate, uniformly colored or at most with poorly defined lateral

and basal pale areas: TL less than 5.0 mm L. biguttatiis Kirby, p. 260

Laccophilus maculosus Say, 1 823

Laccophilus maculosus Say, 1823a: 100 (from LeConte, 1859b). (Neotype - male in MCZ, 5 mi n Bloomington, Monroe

Co., Indiana (selected by Zimmerman, 1970).

Laccophilus decipiens LeConte, 1852: 205. (Type - male in MCZ. Type locahty restricted by Zimmerman (1970) to 2.8

mi e La Grange, Vizard Cr., Stanislaus Co., California.)

Complete synonymy is given by Zimmerman (1970).

Diagnosis. - In addition to characters given in the key, males possess a “stridulatory” file

on each metacoxal plate.

Description. - (after Zimmerman, 1970). TL - 5.1 to 6.4 mm. Color testaceous to pale brown: elytra testaceous, irrorate

with brown spots, coalescent around lateral and sutural pale areas. Antennal articles slender, apical article sharply pointed.

Hind legs broad. Aedeagus and female genitalia figured by Zimmerman (1970).

Taxonomic notes. - Western North American populations of this species have previously
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been treated by most authors as L. decipiens LeConte. However, Zimmerman (1970) showed

that this form hybridizes with the eastern species L. maculosus in southern Manitoba and the

Dakotas and therefore he treats both as subspecies of one species. Alberta specimens belong

to the subspecies L. m. decipiens LeConte.

Natural history notes. — Specimens of maculosus were collected on the prairies from shallow

ponds, margins of lakes and occasionally from slow-flowing weedy creeks, mostly from amid

emergent Typha or Juncus, some from among Carex in cool water of willow-ringed foothills

beaver ponds. The insects are more frequently encountered in permanent than in temporary

bodies of water. Teneral specimens were collected August 1 5 and 24, 1971.

Distribution. — This species is transcontinental. However, the subspecies L. m. decipiens

is restricted to the western half of the continent, ranging from Baja California to Alaska and

eastward to at least Alberta and Colorado. In Alberta, this species has been taken as far north

as Edmonton (Zimmerman, 1970) but the majority of specimens have been collected south of

the Red Deer River. I examined 130 specimens from Alberta localities (map. Fig. 326).

I

i

Laccophilus biguttatus Kirby, 1837

Laccophilus biguttatus Kirby, 1837: 69. (Type locality - “Boreal America”, type in BMNH).

Laccophilus inconspicuus Fall, 1917: 169. (Type locality — Winnipeg, Manitoba).

Complete synonymy given by Zimmerman (1970).

Diagnosis. - See key.

Description. - Zimmerman (1970) gives the following measurements: TL - 3.9 to 4.8 mm; MW - 2.3 to 2.6 mm. Color

varied, dorsal surface testaceous to pale brown, elytra darker than disc of pronotum, brown to piceous: antennae and palpi

with apical articles infuscate: ventral surface of meso- and metathorax and abdomen varied in color, ranging from testaceous

to piceous or black. (The above description refers to preserved specimens, live specimens are usually somewhat darker in color

and appear distinctly greenish, especially ventrally.). Microsculpture fine, on elytra of small regular or slightly irregular meshes.

Antennae with articles shorter and stouter than in maculosus. Hind legs relatively slender. Metacoxa of male without file.

Male genitalia figured by Zimmerman (1970).

Taxonomic notes. — This species is very similar to the Palaearctic species L. minutus L. and

the two forms may be conspecific. Alberta populations vary in color of ventral sclerites of the

body: entirely pale; or with abdominal sterna infuscate; or with both abdominal sterna and

metacoxae infuscate. Within a given population sample, color of most specimens tends to be

rather uniform. Specimens from the prairies tend to be paler than those from forested areas,

but specimens collected from open warm ponds, even in the forested regions, tend to be paler

in color than specimens from neighbouring populations in colder Carex marshes.

Fall (1917) described L. inconspicuus from Winnipeg, Manitoba, and recorded the species

from Edmonton. F. S. Carr (1920) recorded this species from northern Alberta under the name

L. inconspicuus.

Natural history notes. — Specimens of L. biguttatus are found in a variety of aquatic habitats,
j

ranging from shallow, warm prairie ponds of south eastern Alberta, to cold Carex marshes in

northern and western parts of the province, mainly in areas of emergent or rooted aquatic

vegetation, seldom in open water. This species is seldom common in temporary ponds.

I collected pupae and prepupal larvae on August 3, 1964, in leaf litter along banks of shelter-

ed bays on Great Slave Lake. In Alberta, teneral adults were collected from July 3 1 to August

29. Specimens were observed in flight during the last half of May, and on May 30, 1972, many

specimens landed on the roof of a black car.

Distribution. — This is primarily a boreal species, ranging from Quebec to British Columbia

and from California and Colorado to the North West Territories and Alaska (Zimmerman, 1970).

I examined more than 600 specimens from Alberta localities (map. Fig. 327).
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Subfamily Hydroporinae

Except for a few species of Agabus with very small members and the two species of Lac-

cophilus, all water beetles in the province less than 6 mm in total length belong to this sub-

family of which only one species, Hydroporus columbianus Fall, exceeds 6 mm in length, but

not 6.4 mm. These beetles share the hidden scutellum with the genus Laccophilus, but they

can be separated from the latter by: 1) shape of the prosternum and its process; 2) metepisternum,

which contacts the mesocoxal cavities; 3) tarsal formula of 4-4-5 (sometimes 5-5-5); and 4)

by the slender non-lobed metatarsal articles.

Description. — (Alberta forms only). Small beetles less than 6.5 mm in total length. Shape of body various. Color various.

Mentum with distinct, usually acutely pointed, medial tooth. Prosternum and its process not in same plane when viewed from

side. Scutellum concealed by posteriomedial lobe of pronotum. Legs relatively little flattened, slender; metatibia with setae

along posterior margin of both sexes; tarsi actually or apparently 4-4-5, true article 4 of pro- and mesotarsus absent or small

and hidden between lobes of article 3; metatarsal articles slender, hind margin not lobed. Bifid setae and spines lacking.

Male with articles 1 to 3 of pro- and mesotarsi dilated or not; if dilated, articles not together forming oval pallette. Male

genitaha with parameres equal, setose apically or internally in most specimens, not broadly united dorsaUy by membrane,

extended to apex of aedaegus but attached to it only at basal piece. Ovipositor not adapted for piercing.

The larva is very distinctive because of the anterior prolongation of the clypeus which forms

a projection covering the dorsal surface of the mandibles and hiding them in dorsal view. In

addition, the maxillary palpus is of three articles and the body lacks lateral fringes of swimming

hairs.

Gtnm Desmopachria Babington, 1841

Desmopachria Babington, 1841; 16. (Type species. - Desmopachria nitida Babington, 1841).

Description. - (Modified after Young, 1954). Body short, broadly oval, somewhat depressed therefore not distinctly

globose. Clypeus with raised anterior margin or rim. Elytron with diagonal carina across epipleuron at humeral angle. Pro-

sternal process short, almost as broad as long, rhomboidal with apex acute. Anterior portion of metasternum between meso-

coxae broad (equal in width to about one half width of mesocoxa), broadly and shallowly impressed anteriorly; bead remote

from anterior margin. Metacoxa without lobes, base of metatrochanter free. Metatibia more or less of uniform width from

base to apex or sUghtly and evenly widening distally. Metatarsal claws unequal, outer claw much shorter and narrower than

inner.

Young (1951) gives a key to the described North American species of Desmopachria. He

records 7 species from America north of Mexico, stating that some of the species require

revision and that there are some undescribed species in the southern portion of the United

States. A single species reaches Alberta.

Desmopachria convexa (Aube, 1838)

Hydroporus convexus Aube, 1838: 479. (Type locality - North America). Melsheimer 1853: 33. - LeConte 1855: 294. -

LeConte, 1863a; 16. - Gemminger and Harold 1868: 431. - Crotch 1873: 388. - Sharp 1882: 237. - Wickham 1895a:

73. - Blatchley 1910; 212. - Zimmermann 1919: 130. - Leng 1920: 77. - Young 1951: 112. - Hatch 1953; 197. -

Gordon and Post 1965: 12. ~ Malcolm 1971: 19. - Wallis 1973: 101.

Description. - (Fig. 267). Measurements of 20 specimens from Tp. 37 Rge. 5 W. 5 (nr. Stauffer), Alberta, are: TL - 1.70

to 1.85 mm (X= 1.78 ±0.04 mm); MW - 1.14 to 1.27 mm (X = 1.21 ±0.04 mm); TL/MW - 1.44 to 1.51 (X = 1.47 ±0.02).

Color reddish to reddish brown, head and pronotum slightly paler than disc of elytron; elytra without distinct maculations.

Dorsal surface smooth and shiny with scattered small shallow punctures: metacoxa distinctly punctate internally, punctures

obsolete towards lateral margin; metasternal wing and abdominal sterna 1 to 3 laterally very finely punctate. Antenna with

articles 1 and 2 broad; article 3 narrow, elongate and conical; articles 4 to 11 broader, almost transverse with anterior apical

angle somewhat produced. Pronotum without basal plicae. Elytra without sutural striae.

Natural history notes. — Many specimens ofD. convexa were collected from quaking bogs

in the vicinity of Stauffer, Alberta, a considerable distance from firm shoreline, in an area

where the vegetation consisted of a moss mat with a few sparse sedges and dwarf birch. The

moss mat {Drepanocladus sp.) was not continuous but was broken by areas of dead and flooded
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mosses. The beetles were collected by forcing the living moss down into the water, then sweep-

ing the flooded area with a net. They were very sluggish and slow to move, and remained

motionless until the detritus in the net began to dry.

Distribution. — This species is transcontinental, or almost so, in North America. It has been

recorded from Maine, New York and Indiana to British Columbia. The southern and northern

limits are unknown. I examined more than 120 specimens from Alberta localities (map. Fig.

328).

Genus Liodessus Guignot, 1939

Liodessus Guignot, 1939: 55. (Type species - Hydropoms affinis Say, 1823 (original designation)).

This is a group of species with small members, whose total range includes much of North

and South America. Characters common to the two Alberta members of the genus are:

Hydroporinae of small size, TL - 1.78 to 2.28 mm. Head with dorsal cervical stria between hind margins of eyes; clypeal

margin not thickened or modified. Basolateral portion of pronotum and base of elytron each with sharply impressed longi-

tudinal stria; elytron without sutural stria. Metacoxal process flat, more or less adpressed to level of abdominal sternum 1,

side not divergent laterally as rounded lobe hence most of base of metatrochanter visible. Metatibia slightly arcuate, narrow

basally and gradually expanded towards apex and hence appearing club-like: metatarsal claws equal. Parameres simple,

slender, jointed: aedeagus simple.

This description of Liodessus is based on Young’s (1967) definition in his revision of the

American genera of the tribe Bidessini. Young’s revision has done much to clarify relationships

within this very diverse group of insects. However, his concept of the genus is narrower than

the concept used throughout the rest of this study, and for this reason I would prefer to treat

Liodessus as a subgenus of the Old World genus Bidessus. However, I have followed Young’s

ranking because of his extensive experience with this group.

Key to Alberta species of Liodessus Guignot

1 Pronotum and elytra distinctly maculate or patterned on most specimens: dorsal

surface of body with short but conspicuous setae L. affinis (Say), p. 262
1’ Body reddish brown in color, not distinctly maculate: dorsal surface with setae

very short and inconspicuous, more or less glabrous. .L. cantralli (Young), p. 263

Liodessus affinis (Say, 1823)

Hydropoms affinis Say, 1823b: 104 (from LeConte, 1859b). (Type locality - not stated by author, type considered lost).

Not Aube 1836: 232. Melsheimer 1853: 33. - LeConte 1855: 290. — LeConte 1863a: 16. - Gemminger and Harold 1868

430. - Crotch 1873: 391. - Sharp 1882: 318. - Wickham 1895a: 73. - Blatchley 1910: 213. - Zimmermann 1919: 141.

- Carr 1920: 3. - Leng 1920: 77. - Hatch 1928: 219. - J. Balfour-Browne 1948: 159. - LaRivers 1951: 398. - Hatch

1953: 198. - Young 1954: 70. - Leech and Chandler 1956: 315. - Anderson 1962: 58. - Gordon and Post 1965: 13.

- Young 1969: 3. - Malcolm 1971: 21. - WaUis 1973: 101.

Synonymy given by Young 1969: 3.

Diagnosis. — Adults are moderate to relatively large members of genus Liodessus, char-

acterized by elongate body, patterned or maculate pronotum and elytra, and short although

conspicuous setae of the dorsal surface of the body.

Description. — Measurements of 40 specimens from the vicinity of Lethbridge and Magrath, Alberta, are: TL - 1.88 to

2.28 mm (X - 2.13 ±0.08 mm); MW - 0.96 to 1.16 mm (X= 1.07 ±0.04 mm). TL/MW - 1.92 to 2.02 (X = 1.97 ±0.02).

Head brown to piceous with clypeus and anterior margin of frons, testaceous; antenna with articles 1 to 4 testaceous,

outer articles piceous; palpi testaceous with terminal article of each palpus piceous. Pronotum testaceous except disc medially,

pale brown to piceous (anterior and posterior margins transluscent and colored by underlying head and elytron respectively).

Elytron testaceous except sutural margin, four longitudinal vittae and mediolateral spot, brown to piceous (vittae variously

fused - separate and traceable to apex of elytron, or vittae expanded and confluent and disc more or less uniformly dark).

Ventral surface variously colored: metasternum and metasternal wings piceous to black, remainder of body rufous to piceous.

Legs testaceous to rufous, except apex of tibia and tarsi infuscate.



Dytiscidae of Alberta 263

Head finely reticulate: irons punctate with punctures coarse and dense medially between eyes, and in frontal impressions.

Pronotum and elytra strongly punctate, each puncture bearing a decumbent or semierect seta; setae short but conspicuous.

Male with interspaces between punctures smooth and shiny, with at least rudiments of sculpture toward apex of elytron;

female sculpture similar, apical half of elytron with microsculpture, or some females with entire disc of pronotum and elytron

dull from dense fine sculpture. Ventral surface of body with at least isolated patches of microsculpture on metacoxal plates

and abdominal sterna.

Head with anterior margin of clypeus slightly thickened, especially laterally, but not margined or produced; cervical stria

present. Pronotum with lateral margins evenly arcuate, maximum width at hind angles; plica strong, about two thirds length

of maximum length of pronotum, straight basally and slightly converging anteriorly. Elytron with pUca present and well de-

veloped. Sexes similar, male with basal articles of protarsus slightly broader than on female.

Taxonomic notes. — This widely distributed species varies extensively in color and sculpture.

Several subspecies or species may be included in this complex but the variation has not been

carefully analyzed.

Natural history notes. — Specimens of L. affinis were found in a wide variety of habitats,

ranging from rocky shore lines of subalpine lakes and margins of quiet pools and backwaters

in foothill rivers, to shallow warm prairie ponds, springs, Carex marshes and even occasionally

in Sphagnum bogs. They are often in mats of filamentous algae. Teneral specimens were col-

lected from July 6 to August 22. Specimens were observed in flight from April 5 to May 30

(Calgary).

Distribution. — In aggregate, the various forms of this species have a range which includes

most of North America and extends from Alaska to Argentina. The species probably occurs

throughout Alberta but there are no Alberta records north of Fort McMurray. The species was

collected at several localities around Great Slave Lake (UC!). I examined more than 300 speci-

mens from Alberta localities (Map, Fig. 329).

Liodessus eantralli (Young, 1953)

Bidessus eantralli Young, 1953a: 111. (Type locality - Hidden Lake, E. S. George Reserve nr. Pinckney, Michigan). Young

1969: 3.

Diagnosis. - Adults are small and elongate characterized by reddish brown color, almost

glabrous highly polished dorsal surface and relatively slender shape.

Description. - (Modified from Young, 1953a) ~ Measurements and ratios for 20 specimens from Tp. 37 Rge. 5 W 5 (nr.

Stauffer), Alberta, are; TL - 1.78 to 1.96 mm (X = 1.88 ± 0.05 mm); MW - 0.90 to 1.04 mm (X = 0.99 ± 0.03 mm);

TL/MW - 1.86 to 1.98 (X = 1.90 ± 0.03).

Body chestnut brown except anterior and posterior margins of pronotum and sutural margin of elytron slightly darker;

elytra uniformly colored, nonvittate; outer antennal articles, terminal article of each palpus, apex of tibia, and tarsi, infuscate.

Head finely reticulate: meshes anterior to cervical stria more or less isodiametric, behind stria slightly transverse; frons

with sparse irregularly spaced punctures. Pronotum with disc shiny but rudiments of effaced sculpture on some specimens;

disc with small sparse punctures in addition to coarse apical and basal series of punctures. Elytron smooth and shiny: disc

with large more or less evenly spaced setiferous punctures and a longitudinal series of coarser more or less confluent punctures

forming a stria parallel to elytral suture; setae small and more or less inconspicuous. Ventral surface of body irregularly sculp-

tured, punctation sparse.

Pronotum with maximum width at or near hind angles: lateral margin evenly arcuate and narrowing toward front; lateral

pronotal plica about two thirds maximum length of pronotum. Elytron with basal plica slightly shorter than that of pronotum,

deeply impressed.

Taxonomie notes. - Members of L. fuscatus resemble those of L. eantralli in general size

and color but differ in larger size, body more robust, usually with maximum width of the

pronotum anterior to the hind angles on many specimens, more coarsely punctate, and with

conspicuous microsculpture on the dorsal surface of the body. Although L. fuseatus has not

been collected in Alberta, it may occur in acidic Sphagnum bogs.

Natural history notes. - Long series of this species were found in quaking bogs surrounding

small lakes near Stauffer, Alberta. These bogs consist of a moss mat comprised chiefly of

Drepanocladus sp. with sparse Carex, Eriophorum, Menyanthes trifoliata, and the occasional

small birch. Around some of the birches, especially toward shore line, small mounds of Sphagnum
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are present. Most specimens of L. cantralli were collected from shallow water-filled depressions

in the moss mat, especially those in close proximity to shrubs and the higher mounds of moss

associated with them. However, specimens were found throughout much of the bog, frequently

along the edges of saturated growing mosses, and in pools covering areas of dead moss. The

occasional specimen was found in Sphagnum bogs in the province, but no series has been taken

in this habitat. These observations substantiate Young’s (1953a) conclusion that L. cantralli

is a species of non- or weakly-acid water and not of acid Sphagnum bogs.

Distribution. — This species is known from only the type locality in Michigan and the Alberta

localities indicated in Figure 328. I examined 80 Alberta specimens and a male paratype.

GQmxs Hygrotus Stephens, 1828

Hygrotus Stephens, 1828: 46. (Type species - Dytiscus inaequalis Fabricius, 1777, designated by Curtis, 1835a.)

Coelambus Thomson, 1860: 13. (Type species - Dytiscus irnpressopunctatus Schaller, 1783, designated by Brinck, 1942

(Guignot, 1946)).

This large genus has a Holarctic distribution. Within the Alberta fauna, the combination of

rounded metacoxal processes which cover the bases of the metatrochanters, and the oblique

humeral carina on the elytral epipleuron (Fig. 1 10), sufficiently define this hydroporine genus.

The following description applies to Alberta species.

Body various, short and broad, more or less globose, to elongate but convex. Color various, many specimens with elytra

distinctly patterned. Dorsal surface glabrous or with very short, sparse, inconspicuous setae. Sculpture various, specimens

evidently punctate. Elytron with carina on epipleuron at humeral angle and internal subapical projection or ligula on posterior

portion of submarginal ridge. Metacoxal process with prominent lateral lobes; not adpressed medially to abdominal sternum

2 .

Larvae are not distinguishable from those of certain species of Hydroporus. Larvae of the

following Alberta species have been described sketchily by Watts (1970): H. punctatus Say

(= sayi Balfour-Browne), H. punctilineatus Fall, H. tumidiventris Fall, H. irnpressopunctatus

Schaller, H. canadensis Fall, H. patruelis LeConte, and H. sellatiis LeConte.

Identification of male specimens of Hygrotus is often relatively easy, for those of many

species show unique secondary sexual characteristics in the pro- and mesotarsi. Degree of

dilation of the tarsal articles and shape of the protarsal claws, which may be very peculiarly

or even grotesquely modified, differ between some species. Identification of females is much

more difficult, for along with a general similarity in body form among certain species, females

of certain species vary greatly in sculpture, punctation and color. Certain species include two

forms of females, with some resembling the male in sculpture while others having the entire

body covered with fine dense microsculpture.

Anderson (1971) published the first part of a revision of the North American species of

this genus.

Within the study area, this genus attains its greatest diversity on the prairies although some

species are found throughout the province or only in the forested areas. Many species occur

in temporary or strongly saline bodies of water.

Key to Alberta species of Hygrotus Stephens

1 Body short and broad, more or less globose (TL/MW — 1 .50 to 1 .70); ventral surface

rufous to rufopiceous, not mainly black 2

1’ Body more elongate, not globose (TL/MW > 1 .75); ventral surface mainly black . .

4

2 (1) Size larger, TL — 2.8 to 3.2 mm: male resembling female, i.e., protarsal articles not

dilated; sternum 6 not medially excavate H. sayi Balfour-Browne, p. 267

2’ Size smaller, TL - 2.1 to 2.3 mm: male with protarsal articles slightly broadened;
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sternum 6 medially excavate with pair of medial posteriorly-directed spines ... 3

3(2) Clypeus with anterior marginal rim; elytron with submarginal discal ridge, puncta-

tion simple, epipleuron with punctures discrete .

H. acaroides (LeConte)'^

3’ Clypeus without anterior marginal rim; elytron without submarginal discal ridge or

Carina on basal half, punctation dual, at least basally; epipleuron very densely and

confluently punctate H. farctus (LeConte), p. 268

4 (1) Anterior border of clypeus with raised margin or rim 5

4’ Anterior border of clypeus without raised rim 6

5 (4) Male protarsal claws (Fig. 37) very long, dorsoventrally flattened and expanded

laterally; frons with posteriomedial piceous spot; lateral margin of elytron strongly

ascending at humeral angle H. masculinus (Crotch), p. 278
5’ Male protarsal claws short, arcuate and not laterally dilated; frons without posterio-

medial piceous spot on most specimens; lateral margin of elytron less strongly ascen-

ding to humeral angle H. salinarius (Wallis), p. 278

6 (4) Abdominal sternum 6 with basolateral impression and distinct tumid or elevated

area on each side; elytron testaceous with piceous vittate markings

H. tumidiventris (Fall), p. 274
6’ Abdominal sternum 6 without basolateral impressions and swellings; elytron vittate

or not 7

7 (6) Anterior protarsal claw modified, different from posterior protarsal claw (males

of most species) 8

7’ Anterior protarsal claw not modified, similar in size and shape to posterior protarsal

claw (females and some males) 17

8(7) Anterior and posterior protarsal claws highly modified, neither similar in shape to

mesotarsal claws 9

8’ Only anterior protarsal claw modified, posterior claw evenly arcuate and tapered

towards apex, similar in shape and size to mesotarsal claws or slightly longer and

broader 10

9 (8) Anterior protarsal claw much longer than posterior

H. punctilineatus (Fall) in part, p. 275

9’ Anterior protarsal claw shorter than posterior claw

H. unguicularis (Crotch) in part, p. 273

10 (9) Protarsus with at least article 2 broadly dilated 12

10’ Protarsus narrowly dilated, article 2 little broader than article 4 11

11(10) Larger, TL — 3.5 to 4.0 mm; elytral maculations nebulous or rarely clearly defined

H. canadensis (Fall) in part, p. 270

1
1’ Smaller, TL — 3.0 to 3.4 mm; elytral maculations well defined anteriolateral spot

and broad posterior blotch H. sellatus ( LeConte) in part, p. 272

1 2( 1 0) Serial punctures of elytron more or less confluent on basal half of disc, in form of

three or four evident impressed striae (Fig. 276, 277); elytra with very large coarse

punctures and numerous interspersed small punctures: size large, TL - 4.4 to 5.3

mm 13

1
2’ Serial punctures of elytron not confluent and not forming striae; punctation various;

size various 14

13(12) Abdominal sternum 3 smooth and shiny, without trace of microsculpture; elytron

with at least suggestion of longitudinal maculation; pronotum with basal dark marks

3. not known from Alberta.
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13’

14(12)

14’

15(14)

15’

16(15)

16’

17 (7)

17’

18(17)

18
’

19(18)

19
’

20(18)

20
’

21 ( 20 )

21
’

22(17)

22
’

23(22)

not extended to side margins . . H. impressopunctatiis (Sclialler) in part, p. 276

Abdominal sternum 3 with finely impressed microsculpture along posteriomedial

margin; elytron non vittate; pronotum unicolorous, piceous, or with broad basal

mark extended to side margins H. picatus (Kirby) in part, p. 277

Anterior protarsal claw with ventral basal tooth; metacoxal plate smooth and shiny,

without microsculpture or rarely with lightly impressed open sculpture

H. dentiger (Fall) in part, p. 273

Anterior protarsal claw without ventral tooth: metacoxal plate smooth or micro-

sculptured 15

Elytron longitudinally vittate: pronotum with lateral margins almost straight, little

arcuate, narrower at base than elytron across humeral angles on some specimens;

metacoxal plate microsculptured H. semivittatus (Fall) in part, p. 275

Elytron not vittate: lateral margin of pronotum arcuate; pronotum as wide at base

as elytra across humeral angles; metacoxal plates shiny on most specimens .... 16

Article 2 of protarsus much broader than article 1 (Eig. 28): elytral punctation dual

basomedially (Fig. 270) H. compar (Fall) in part, p. 269

Article 1 of protarsus dilated, only slightly narrower than article 2 (Fig. 30); elytral

punctures of more or less uniform diameter or with few irregularly situated large

punctures near base (Fig. 273) H. patruelis (LeConte) in part, p. 271

Metacoxal plate and elytron smooth and shiny, without microsculpture 18

Metacoxal plate and also elytron of most specimens with evident microsculpture. .

22

Abdominal sterna with fine, usually somewhat stretched microsculpture .... 19

Abdominal sternites smooth and shiny, without microsculpture 20

Basomedial portion of elytron with distinct dual punctation (Fig. 270); disc of

pronotum and elytron reddish to reddish brown, darker pattern if present nebulose

and poorly defined H. compar (Fall) in part, p. 269

Elytral punctation of more or less uniform size basomedially: disc of pronotum

and elytron testaceous with distinct dark brown or piceous pattern

H. sellatiis (EeConte) in part, p. 272

Elytron basomedially with punctation dual (Fig. 269); elytron reddish brown without

distinct pattern of maculation, or disc diffusely darker medially and apically; size

small, TE 2.7 to 3.1 mm H. tiirbidus (LeConte), p. 269

Without above combination of characters: size larger or elytron with well defined

dark marks 21

Head dark with isolated pale spot between eyes; pronotum mainly dark brown to

piceous with lateral portions and a subapical transverse area somewhat paler; elytral

punctation relatively fine, punctures equal (except for serial punctures) (Fig. 272);

size larger, TL — 3.5 to 4.0 mm H. canadensis {VdAX), p. 270

Color paler, head with clypeus and frons medially, rufous; pronotum testaceous to

rufous with posterior margin and medial discal spot, piceous; elytron more coarsely

punctate, with few scattered coarse punctures and more numerous fine punctures:

size smaller, TL — 2.95 to 3.4 mm H. suturalis (LeConte), p. 272

Basal third to half of elytron without microsculpture, smooth and shiny between

punctures 23

Elytron with microsculpture on basal third 24

Disc of elytron very coarsely punctate, interspaces with fine secondary punctation:

serial punctures of elytron longtudinally confluent in form of three or four striae

on basal portion of disc (Fig. 276) 28
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23’ Disc of elytron with moderate sized uniform punctures; serial punctures not con-

fluent and not in form of longitudinal striae on disc

H. den tiger (Fall) in part, p. 273

24(22) Head and disc of pronotum immaculate; lateral margin of pronotum more or less

straight throughout length; articles 1 to 3 of pro- and mesotarsi very narrow and

elongate; elytron with reduced pattern of vittate maculations

H. semivittatus (Fall) in part, p. 275

24’ Head and disc of pronotum variously maculate; lateral margin of pronotum arcuate;

pro- and mesotarsi with articles broader 25

25(24) Elytron with distinct longitudinal vittae, or size greater than 4.4 mm 26

25’ Elytral markings nonvittate, usually in form of one or two irregular blotches on

each elytron, or elytron more or less uniformly colored 29

26(25) Elytron testaceous or pale brown with clearly limited dark brown or black vittae;

pronotal disc testaceous with small piceous spot situated on medial fovea .... 27

26’ Elytron dark rufous to brown, with or without vittae; if present, vittae somewhat

irregular and little contrasted with ground color of disc; pronotal disc with expanded

basal maculation or entire disc dark rufous or brown 28

27(26) Elytral punctation dual (Fig. 275); size small, TL — 3.7 to 4.1 mm; frons with ante-

rior projection of black basal margin along inner margin of each eye -

H. punctilineatus (Fall) in part, p. 275

27’ Elytral punctures more or less uniform in size; size larger, TL — 4.9 to 5.6 mm; frons

pale inside eyes or with isolated brown spot

H. imguicularis (Crotch) in part, p. 273

28(23, Stylus of ovipositor short (Fig. 26); elytron with at least suggestion of longitudinal

26) pale areas on disc: pronotum with posteriomedial maculation not extended to lat-

eral margin H. impressopiinctatus (Schaller) in part, p. 276

28’ Stylus with apex elongate (Fig. 27); elytron dark brown to piceous, immaculate;

disc of pronotum piceous or basal piceous maculation extended to lateral margin

H. picatiis (Kirby) in part, p.. 277

29(25) Pronotum uniformly dark rufous or brown, or with apical and basal margins piceous;

elytral punctation dual (Fig. 269); elytron more or less unicolorous, rufous or chest-

nut, at most with ill defined discal maculation. . H. compar (Fall) in part, p. 269

29’ Pronotum distinctly patterned, testaceous or pale rufous with a basomedial piceous

spot; elytral punctation of more or less uniform size (Fig. 274); elytron testaceous

or pale brown with more or less well defined medial and posterior discal cloud . . .

H. patruelis (LeConte) in part, p. 271

Hygrotus say i J. Balfour-Browne, 1944

Hygrotus sayi J. Balfour-Browne, 1944: 347. (new' name for Hygrotus punctatus (Say, 1824)). LaRivers 1951: 399. -Hatch

1953: 202. - Leech and Chandler 1956: 316. Anderson 1962: 59. - Gordon and Post 1965: 14. - Anderson 1967:

365. - Anderson 1971: 509. - Malcolm 1971: 23. - Walhs 1973: 102.

Laccophilus piinctatus Say, 1824: 271. (Plesiotype - male, 5 mi NE Pembine, Wisconsin, USNM (selected by Anderson, 1971)).

Not Marsham, 1802. Aube 1838: 471. - LeConte 1850: 214. - Melsheimer 1853: 33. - LeConte 1855: 290. - LeConte

1859a: 35. - Gemminger and Harold 1868: 439. - Sharp 1882: 395. - FaU 1919: 6. - Hatch 1933b: 10. - F. Balfour-

Browne 1940: 204.

Hydropoms inaequalis Crotch, 1873: 387. Not Fabricius, fill. F. S. Carr 1920: 3.

Diagnosis. - The globose shape, size, raised margin of the clypeus, the rufous ventral surface

of the body, and males without secondary sexual modifications separate this species from all

other species of Hygrotus known from Alberta.

Quaest. Ent., 1975, 1 1 (3)



268 Larson

Description. - Body short and broad, convex both dorsally and ventrally. Measurements of 20 Alberta specimens are:

TL - 2.84 to 3.20 mm (X - 3.05 ± 0.09 mm); MW - 1.68 to 1.96 mm (X - 1.85 ± 0.07 mm); TL/MW - 1.58 to 1.70

(X = 1.65 ± 0.03).

Head rufous except frons lightly infuscate laterally on many specimens; antennae testaceous except articles 5 to 11 in-

fuscate; palpi testaceous. Pronotum rufous except anterior and posterior margins piceous. Elytra various, uniformly rufous

to dark brown, many specimens with variously developed paler maculations. Ventral surface rufous to rufopiceous, not

black. Legs pale rufous.

Elytron with punctures evident, somewhat varying in size but of approximately similar coarseness and depth (Fig. 268);

interspaces smooth and shiny in both sexes: epipleuron with distinctly separated punctures. Ventral surface of body coarsely

punctate, punctures for most part separate.

Clypeus margined anteriorly. Prosternal process contacting metasternum between mesocoxae. Elytron without anterior

sublateral ridge. Abdominal sterna not modified. Male with protarsus and protarsal claws unmodified, similar to that of

female. Aedeagus as in Figure 10.

Taxonomic notes. — F. S. Carr (1920) recorded this species from Alberta under the name

H. inaeqiialis Fabr. Although H. sayi closely resembles the Old World species//, inaequalis,

R. Anderson (1971; pers. comm., 1973) considers the two to be distinct.

Natural history notes. — This species is common in warm weedy ponds and in backwaters

of slow weedy creeks. Specimens are seldom found in temporary ponds. Teneral specimens

were collected at the end of July and during August. A specimen was captured in flight on

May 30, 1972 (Calgary).

Distribution. — H. sayi occurs throughout much of North America with the apparent ex-

ception of southeastern United States (Anderson, 1971). I examined more than 300 Alberta

specimens (map, Fig. 330).

Hygrotus faretus {L^ConiQ, 1855)

Hydroponis farctus LeConte, 1855: 294. (Type locality - Massachusetts). Gemminger and Harold 1868: 433. - Crotch

1873: 388. - Sharp 1882: 396. - Fall 1919: 5. - Anderson 1971: 508. - WaUis 1973: 102.

Diagnosis. — Members of this species are small, oval or globose with clypeus unmargined,

the elytra nonpatterned and lacking raised basal sublateral carinae on disc, prosternum with a

large conical projection. Male have sternum 6 deeply and broadly excavate medially, the ante-

rior margin of the excavation with a pair of slender posteriorly projecting parallel spines.

Description. — Body broadly rounded, convex and almost globose. Measurements of four specimens from Tp. 37 Rge.

5 W. 5 (NW of Stauffer, Alta.), are: TL - 2. 1 2 to 2.24 mm (X = 2. 18 mm); MW — 1.36 to 1.46 mm (X =1.41 mm). TL/MW
- 1.53 to 1.57 (X = 1.55).

Head rufous; antennae rufous basally (some specimens with article 2 infuscate apically), outer articles, beginning at article

5, infuscate; palpi pale, terminal article of each palpus piceous. Pronotum rufous except basal and, to a lesser extent, apical

margins, rufopiceous to piceous. Elytra rufopiceous to piceous medially, gradually paler laterally, without distinct pattern.

Ventral surface rufous except metaco.xal plates and basal abdominal sterna darker. Legs rufous except tarsi infuscate.

Elytron densely punctate; basally on disc, punctures dual with large shallow punctures separated by more numerous small

punctures; apically, large punctures less numerous and smaller hence punctation near apex more or less uniform; remnants

of microsculpture visible behind shoulder and near apex; epipleuron very densely and confluently punctate. Metasternal

wings laterally and metacoxal plates coarsely punctate, punctures irregular and largely confluent laterally. Abdominal sterna

with small confluent punctures, with more or less granular appearance.

Clypeus without anterior marginal bead. Prosternum with prominence large and forming a strong conical projection be-

tween anterior portion of procoxae. Elytron lacking anterior submarginal carina or ridge.

Male with sternum 6 deeply and broadly excavate: anterior margin of excavation with pair of slender posteriorly directed

spines; floor with pair of posteriorly diverging carinae and lateral margins without projections or teeth. Protarsus slightly

dilated, claws not modified.

Taxonomic notes. — Three North American species oi Hygrotiis possess the peculiar modi-

fication of male sternum 6 (Anderson, 1971). These are largely allopatric, with H. marginipen-

nis (Blatchley) restricted to Florida, H. acaroides (LeConte) widely distributed throughout the

Mississippi River basin and north to Winnipeg, Manitoba, and H. faretus (LeConte) in north-

eastern United States and southern Canada. Although specimens of H. acaroides were not

collected in Alberta, it is not unlikely that they will be discovered here. Members of//, acaroides
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resemble those of H. farctus in shape and size but differ in having the elytra patterned, elytral

punctation simple and general punctation of the body sparser, clypeus margined, and the

elytra with a low anterior sublateral ridge or carinae.

Natural history notes. - Specimens of this species were collected from only one Alberta

locality, near the outer margin (lakeward side) of a quaking bog, along the edges of pools, sit-

uated in the floating Drepanocladus moss mat. These pools contained dead moss, Meuyanthes

trifoliata and other rooted aquatic vegetation and hence resemble small ponds more than pools

such as are usually found in quaking bogs.

Distribution. - Anderson (1971) records this species from northeastern United States and

southern Canada, from Massachusetts to Manitoba. Five Alberta specimens were examined

(map. Fig. 330).

Hygrotus turbidus (LeConte, 1855)

Hydropoms turbidus LeConte, 1855: 298. (Type locality - Massachusetts.) LeConte 1863a: 16. - Gemminger and Harold

1868: 441. - Crotch 1873: 389. - Sharp 1882: 399. - Wickham 1895a: 73. - Blatchley 1910: 215. - Fall 1919: 7.

- Carr 1920: 3. - Leng 1920: 77. - Brown 1931: 88. - Hatch 1953: 199. - Gordon and Post 1965: 14. - Wallis 1973:

102 .

Diagnosis. — Members are small, reddish brown, with dual elytral punctation, elytra and

ventral surface of body without microsculpture and clypeus unmargined. Male protarsi are

not modified.

Description. - Measurements of 20 Alberta specimens are: TL - 2.72 to 3.08 mm (X = 2.90 ± 0.09 mm); MW - 1.52

to 1.72 mm (X - 1.62 ± 0.05 mm); TL/MW - 1.74 to 1.85 mm (X = 1.79 ± 0.03).

Dorsal surface rufous to brown; head with posterior margin and frons inside each eye somewhat darkened; antennae with

articles 5 to 1 1 infuscate, at least apically; palpi testaceous except terminal article of each ma.xiUary palpus slightly darkened.

Pronotum with diffuse spot centered on medial fovea; elytron with sutural margin narrowly piceous, disc rufous to brown,

paler laterally. Ventral surface of body black. Legs rufous to pale brown.

Punctation of basal portion of elytral disc dual, with large punctures and scattered smaller punctures of less than one

half diameter of larger (Fig. 269); punctures subequal in size towards apex. Metacoxal plate with separated coarse punctures.

Head with isodiametric microsculpture, otherwise body smooth and shiny between punctures and devoid of sculpture.

Clypeus unmargined. Prosternal process elongate and sharply carinate medially, apex extended to metasternum. Male

protarsus with article 2 very slightly broadened, otherwise not modified. Aedeagus as in Figure 11.

Natural history notes. — H. turbidus is a freshwater species, the members usually found in

the vegetation-rich shallows of permanent ponds or at least ponds that last throughout a con-

siderable portion of the summer. Teneral specimens were collected in August. Specimens

were taken in flight during the last week in May.

Distribution. - The species ranges from the Atlantic coast of British Columbia and south

to at least South Dakota (UASM!) and Wyoming (CARR!). Northern limits are unknown. The

species occurs throughout Alberta east of the Rocky Mountains. I examined 128 specimens

from Alberta localities (map, Fig. 331).

Hygrotus conipar {¥ 2i\\, 1919)

Coelambus compar Fall, 1919: 8. (Type locality - Tyngsboro, Massachusetts.) Leng and Mutchler 1927: 17. - Brown 1930b:

234. - Gordon and Post 1965: 14. - Wallis 1973: 102.

Diagnosis. — Members are medium sized and are recognized on the basis of the following

characters; dorsal surface of body dark rufous to brown, elytra not distinctly patterned; elytral

punctation dual; clypeus not margined. Males have protarsal article 2 much broader than article

1 .

Description. - Measurements of 20 Alberta specimens are: TL - 3.52 to 4.08 mm (X = 3.78 ± 0.1 3 mm); MW - 1.76 to

2.12 mm (X - 1.99 ± 0.08 mm); TL/MW - 1.84 to 1.93 (X = 1.89 ± 0.03).

Head dark rufous to brown except clypeus and frons medially and anteriorly, paler rufous; antenna testaceous basaUy,
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articles 5 to 1 1 piceous apically; palpi testaceous except apex of terminal article of each palpus infuscate. Pronotum rufous

to reddish brown except anterior and basal margins piceous. Elytron with sutural margin narrowly piceous, otherwise disc

uniformly rufous to brown, without distinct marks,some specimens with disc slightly darker medially and posteriorly but

Emits of darkened area obscure. Ventral surface mainly piceous to black, some specimens with metasternum medially, rufous.

Legs rufous, some specimens with bases of femora and tarsi infuscate.

Elytral punctation dual, punctures of two distinct size classes (Fig. 270, 271). Males with elytra, metacoxal plates and

abdominal sterna smooth and shiny without microsculpture. Females of two types: male-like, with elytra and metacoxal

plates smooth, abdominal sterna with microsculpture; or female form with elytra, metacoxae and abdominal sterna dull

with dense microsculpture.

Clypeus without anterior bead. Posternal process acutely raised medially, apex extended to anterior margin of metastemum.

Abdominal sterna not modified. Male protarsus (Fig. 28) with article 2 much broader than article 1; anterior protarsal claw

strongly arcuate basaUy. Aedeagus as in Figure 12.

Taxonomic notes. — Members of Hygrotus obscnreplagiatiis (Fall, 1919) are very similar to

those of H. compar in most features. However, as Fall pointed out, all members of the former

species have the elytral punctures more uniform in size, and the body is generally more coarsely

punctate. The male anterior protarsal claw is more strongly arcuate basally. Members of H.

columbianus (Brown, 1930b) differ from those of H. obscnreplagiatiis only in color and for

this reason Hatch (1953) is correct is regarding the name H. cohimbiamis as a junior synonym

of the name H. obscnreplagiatiis. Although H. obscnreplagiatiis occurs in southeastern British

Columbia, I have not seen specimens from Alberta nor is there any evidence of this species

hybridizing with H. compar. These species appear allopatric, constituting a pair of east-west

vicars.

Natural history notes. - Specimens of compar are often abundant among flooded grasses

and rushes in temporary prairie ponds. Although usually found in fresh water, specimens were

collected from distinctly saline sloughs. Teneral specimens were collected on August 22, 1971

(Travers, Alta.). No records of flight are available.

Distribution. — This species ranges from New England to Alberta. The southern limits are

unknown. In Alberta specimens have been found on the prairies south of the North Saskatchew-

an River. I examined 275 Alberta specimens (map. Fig. 332).

Hygrotus canadensis (Fall, 1919)

Coelambus canadensis Fall, 1919: 11. (Type locality - Winnipeg, Manitoba.) Leng and Mutchler 1927: 17. - Gordon and

Post 1965: 15. - WalUs 1973: 102.

Diagnosis. — Size, color, lack of microsculpture on elytra and ventral surface of the body,

the slightly dilated protarsi of the male and the shape of the male protarsal claws define this

species.

Description. - Body elongate oval, slightly broader and more depressed than in H. patnielis specimens. Measurements of

20 Alberta specimens are: TL - 3.48 to 3.96 mm (X = 3.68 ± 0.12 mm); MW - 1.72 to 2.08 mm (X = 1.93 ± 0.09 mm);

TL/MW - 1.84 to 2.00 (X - 1.89 ± 0.04).

Color various. Head dark rufous to piceous with paler medial spot on frons between eyes; antenna with articles 1 to 4 testaceous

or pale brown outer articles infuscate; palpi testaceous except terminal article of each palpus infuscate. Pronotum with anterior

and posterior margins piceous, disc dark brown with lateral and anterior submarginal areas rufous. Elytron pale brown with

disc mediahy and posteriorly darker, almost piceous in some specimens with disc more or less distinctly patterned but for

majority of specimens Emits of dark areas vague. Ventral surface mainly black. Legs brown or piceous.

Elytral punctation (Fig. 272) relatively fine, punctures between discal series smaller than serial punctures, more or less

equal in size and relatively sparse, larger and denser posteriorly. Metacoxa deeply punctate. Elytra and ventral surface without

microsculpture.

Clypeus without anterior bead. Abdominal sterna not modified. Male with articles 1 to 3 of protarsus (Fig. 29) narrowly

but evidently dilated, articles 1 and 2 of about equal width, slightly wider than article 3. Anterior protarsal claw shghtly

broader and shorter than posterior claw, more strongly arcuate basally. Aedeagus strongly arcuate (Fig. 13).

Taxonomic notes. — Fall (1919), in his original description of this species, stated that two

females in the type series were opaque (i.e., strongly microsculptured) and indistinguishable

from opaque females of patnielis, and may in fact belong to that species. Microsculptured



Dytiscidae of Alberta 271

females assignable to the species canadensis were not seen from Alberta whereas all females of

H. patruelis from the province were microsculptured. This is the best character for separating

females of the two species. Hence, it appears likely that Fall’s series was actually mixed, as he

suggested.

Natural history notes. — Specimens of H. eanadensis occur in a variety of lotic habitats, in

emergent vegetation or in flooded plant debris along margins of open temporary or permanent

ponds; occasionally in slightly saline water, or in cold Carex marshes.

Distribution. - The species is known from Manitoba and North Dakota to Alberta. In Alberta,

specimens have been taken as far north as Manning. I examined more than 380 specimens from

Alberta (map. Fig. 333).

Hygrotus patruelis (LeConte, 1855)

Hydroporus patruelis LeConte, 1855: 298. (Type locality - Fort Laramie, “Nebraska” (Wyoming)). LeConte 1859a: 35. -

LeConte 1863a: 16. - Gemminger and Harold 1868: 438. - Crotch 1873: 389. - Sharp 1882: 400. - Wickham 1895a:

74. F. Carr 1920: 3. - Leng 1920: 77. - Anderson 1962: 59. - Gordon and Post 1965: 15. - Wallis 1973: 102.

Diagnosis. - Characteristics of this species are similar to those of H. canadensis Fall but

differ in the male protarsus being widely dilated, the female densely microsculptured, and

the elytral color pattern more distinct.

Description. - Measurements of 20 Alberta specimens are: TL - 3.36 to 4.16 mm (X = 3.82 ± 0.21 mm); MW - 1.76

to 2.16 mm (X = 1.98 ± 0.11 mm);TL/MW - 1.88 to 2.00 (X = 1.93 ± 0.03).

Head rufous except frons inside each eye and along posterior margin, piceous; antennal articles 1 to 4 or 5 testaceous,

outer articles piceous; palpi testaceous except terminal article of each palpus infuscate. Pronotum bicolored, testaceous to

rufotestaceous and following areas piceous: disc, basally in all specimens, dark mark extended to anterior margin in some

specimens; basal margin, narrowly so laterally, more broadly so medially, continuous with discal mark; and anterior margin

narrowly so, along emargination. Elytral color various; sutural margin narrowly piceous: most specimens with at least epi-

pleuron, humeral angle, lateral margin in basal half to two thirds, and subapical spot, testaceous; remainder of disc brown

or rarely piceous (some specimens with brown discal cloud of elytron reduced to form small elongate subhumeral spot

and larger discal cloud on apical half, rarely entire disc pale brown, without distinct darker areas). Ventral surface mainly

black. Legs pale brown to rufous with terminal tarsal articles infuscate dorsally on some specimens.

Elytral punctation dense; discal punctures deep and of slightly differing diameters, not of two distinct size classes (Fig.

273, 274). Male with elytra, metacoxa and abdominal sterna without microsculpture, or rarely male with metacoxal plates

and abdominal sterna with evident microsculpture. Female densely microsculptured, luster dull.

Clypeus unmargined. Prosternal process normal. Abdomen not modified in either sex. Male with articles 1 to 3 of protarsus

(Fig. 30) broadly dilated, article 2 broader than 1 but disparity between two less than in males of//, compar FaU; anterior

protarsal claw short and broad, strongly bent near base. Aedeagus more or less straight in apical half, more arcuate basally

(Fig. 14).

Taxonomie notes. — Three males from the Ft. McKay and Lake Athabasca areas differ from

other Alberta specimens in that the metacoxal plates are microsculptured, and the abdominal

sterna of one specimen are sculptured. However, they agree with other Alberta specimens in

all other structural characters. The names H. borealis (Fall, 1926: 138) and H. quebeeensis

(Brown, 1930b: 234) appear to apply to this sculptured form. However, I have not examined

the type material and have seen too few specimens of this microsculptured form to form an

opinion on its status. The sculptured form appears to be more northern in distribution than

is the normal form of the species.

Natural history notes. —This species occurs in much the same sort of habitats as described

for H. canadensis (Fall). Teneral specimens were collected from July 1 to October 21 ;
however

the majority of immature specimens were taken from the end of July through August. Several

specimens were observed landing on a black car in Calgary on May 30, 1972.

Distribution. - This species was recorded from Nebraska, Wyoming, North Dakota, Manitoba

and Utah. I examined more than 370 specimens from Alberta localities (map. Fig. 334).
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Hygrotus sellatus (LeConte, 1866)

Hydroporus sellatus LeConte, 1866: 365. (Type locality - “Dakota”)- Gemminger and Harold 1868; 440. - Crotch 1873:

389. - Sharp 1882: 809. - Fall 1919: 11. - Leng 1920: 77. Hatch 1953: 199. - Gordon and Post 1965: 15. - Wallis

1973: 102.

Diagnosis. - Members of this and the following species, H. siituralis LeConte, are separated

from the rest of the Alberta species of Hygrotus on the basis of their characteristically colored

elytra; testaceous,each with a well defined small longitudinal subhumeral spot and a larger,

more or less sharply defined (less on some specimens of siituralis), apical blotch. Males of

sellatus have the anterior protarsal claw modified while the females bear fine microsculpture

on the abdominal sterna. Members of suturalis lack these features.

Description. - Measurements of 20 Alberta specimens are: TL - 3.00 to 3.36 mm (X = 3.17 ± 0.10 mm); MW - 1.60

to 1.80 mm (X = 1.71 ± 0.07 mm); TL/MW - 1.78 to 1.93 (X - 1.86 ± 0.04).

Head dark brown or piccous with frons medially rufotestaceous to pale rufous (on some specimens pale area includes

most of clypeus): antennae testaceous basaUy, outer articles piceous at least apicaUy: palpi pale, except terminal article

of each palpus infuscate apicaUy. Pronotum mainly brown to piceous except anterolateral pale area on disc, on some specimens

more or less expanded and extended interiorly submarginally to anterior border. Elytron bicolored, pale testaceous, sutural

margin piceous: basal one third immaculate except for subhumeral elongate brown or piceous spot; apical two thirds of disc

with large brown or piceous spot continuous with sutural margin internally but separated from other margins by distinct

pale area; these maculations distinctly hmited. Ventral surface mainly black. Legs testaceous to brown, most specimens with

femora basaUy and tarsi infuscate; some specimens with tibiae infuscate apically.

Punctures of elytron, except for serial punctures and the fine punctation of sutural margin, more or less equal in size.

Male with elytra, metacoxae, and abdominal sterna shiny and devoid of microsculpture; female similar except abdominal

sterna with lightly impressed transversely stretched microsculpture best developed medially on each segment.

Clypeus without raised anterior bead. Prosternal process elongate and extended to metasternum. Male with protarsal

articles only very shghtly dilated (Fig. 31), anterior protarsal claw broadened and strongly arcuate basally. Aedeagus slender

and more or less evenly arcuate throughout length (Fig. 15).

Natural history notes. — These insects frequent fresh to moderately saline prairie ponds,

often in shallow water among dense aquatic vegetation, but also among sparse emergent rushes

in ponds with bare clay bottoms. Teneral specimens were collected on July 1 1. Specimens

were captured in flight on May 30, 1972.

Distribution. — This species ranges from Manitoba and North Dakota to British Columbia.

In Alberta it is found on prairies and adjacent parklands and may be isolated in the Peace River

area. I examined 156 specimens from Alberta localities (map. Fig. 335).

Hygrotus suturalis (LeConte, 1850)

Hydroporus suturalis LeConte, 1850: 216. (Type locaUty - Lake Superior.) Melsheimer 1853; 32. - LeConte 1863a: 16.

- Gemminger and Harold 1868; 441. - Crotch 1873; 389. Sharp 1882: 400. - Fall 1919: 10. - Leng 1920: 77. - Hatch

1953: 200. - Gordon and Post 1965: 14. - Wallis 1973: 102.

Diagnosis. — The principal characters for the recognition of this species are presented under

H. sellatus.

Description. - Measurements of 20 Alberta specimens are: TL - 2.96 to 3.40 mm (X = 3.24 ± 0.10 mm); MW - 1.56 to

I. 84 mm (X = 1.76 ± 0.07 mm); TL/MW - 1.80 to 1.90 (X = 1.84 ± 0.03).

Color similar to that of//, sellatus, differing as follows: ground color of elytron dark testaceous or rufous, apical elytral

spot larger and on many specimens extended onto basal third of elytral disc as one or two longitudinal projections, on some

specimens, continuous with subhumeral spot; limits of maculations well defined or obscure.

Punctures on basomedial portion of elytron irregular in size, with few large punctures, scattered among smaller ones;

punctures denser and more uniform in size toward apex. Both sexes with elytra, metacoxal plates and abdominal sterna

devoid of microsculpture.

Male with protarsal article 2 very slightly dilated, subequal in width to article 1; protarsal claws not modified. Aedeagus

(Fig. 16) arcuate basally, more or less straight toward apex.

Natural history notes. - This species is most frequently found in warm weedy fresh water

ponds, usually in the parkland or mixed forest zones of the province. However, specimens

were also collected on the prairies and in the boreal forest.
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Distribution. — The known range of this species is from Lake Superior and North Dakota

to Alberta and British Columbia. I have seen specimens from as far north as Aklavik, N.W.T.

(Bryant, UASM) and Mayo, Yukon (CARR) and examined more than 150 specimens from

Alberta localities (map, Fig. 336).

Hygrotus den tiger (Fall, 1927)

Coelambus dentiger ¥ d\\, 1927a: 136. (Type locality - Medicine Hat, Alta.) Leng and Mutchler 1933: 15. - Hatch 1953:

201. - Anderson 1967: 360. - Wallis 1973: 103.

Diagnosis. - The large size, vittate pattern of the elytra, toothed anterior protarsal claw of

male, and the basally shiny elytra of the female characterize this species.

Description. - Measurements of 20 Alberta specimens are: TL - 5.04 to 5.68 mm (X = 5.32 ±0.17 mm); MW - 2.60

to 2.88 mm (X = 2.69 ± 0.08 mm); TL/MW - 1.90 to 2.02 (X = 1.95 ± 0.03).

Head rufous except frons with posterior margin and spot internal to each eye, piceous; antennae pale, except outer

articles infuscate apicaUy; palpi pale except terminal article of each palpus infuscate apically. Pronotum rufotestaceous

except anterior and basal margins piceous medially, disc with medial brown or piceous spot. Elytron testaceous, except

sutural margin black; disc with four or five longitudinal brown or piceous vittae, latter varied in development, usually distinct

on basal half of disc, broader and more or less continuous posteriorly (some specimens with vittae broadly expanded and

entire disc of elytron dark brown with only lateral, basal and narrow subsutural pale areas). Ventral surface piceous to black.

Legs pale brown with terminal articles of pro- and mesotarsus infuscate on many specimens.

Disc of elytron basally, between serial punctures, with few sparse large punctures, subequal in size to serial punctures,

more numerous small punctures interspersed. Male with elytra, metacoxae and abdominal sterna smooth and shiny, without

microsculpture or some non-Alberta specimens with lightly impressed lines and open meshes; female with basal third to half

of elytron smooth, microsculpture on apical two thirds or half; metacoxae and abdominal sterna sculptured.

Clypeus without anterior marginal bead. Prosternal process elongate and slender, extended to anterior margin of meta-

stemum. Pronotum with sides evenly and smoothly arcuate throughout length; maximum width at hind angles; latter

narrowly rounded and slightly obtuse. Male protarsus broadly dilated, articles 1 and 2 subequal in width, article 3 narrower:

anterior protarsal claw slightly shorter than posterior, stouter and bearing a right angled ventral tooth near base; posterior

claw not modified. Aedeagus (Fig. 18) very long, more or less straight in apical two thirds.

Taxonomic notes. - I saw a single female specimen (Tp. 8 Rge. 2 W 4, Alta., UC) with the

entire elytral surface microsculptured. The meshes are large basally, hence the base is still

somewhat shiny and not more or less opaque as are the elytra of H. unguiciilaris (Crotch)

females, with which it could otherwise be confused. Also, 1 examined a male from Colorado

(Blue Mesa Res., CARR) which has lightly impressed sculpture on the metacoxal plates and

abdominal sterna.

Natural history notes. — This species is found in both fresh and slightly saline prairie ponds,

often commonly in temporary ponds. Teneral specimens were collected from July 28 to

September 25.

Distribution. — I have seen specimens from North and South Dakota (UASM), Montana

(CARR) and Saskatchewan (CARR). Hatch (1953) records it from southeastern British Colum-

bia, and Anderson (1967) indicates collection records for the Northwest Territories, and south-

ern Yukon and New Mexico. I examined more than 200 specimens from Alberta localities

(map. Fig. 337).

Hygrotus unguicularis (Crotch, 1874)

Hydroporus unguicularis Crotch, 1874, 73. (Type locality - British Columbia.) Sharp 1882: 813. - Fall 1919: 19. - Leng

1920: 76. - Hatch 1953: 201. - Anderson 1962: 60. - Gordon and Post 1965: 16.

Diagnosis. — The male of this large vittate species is easily identified on the basis of the

structure of the protarsus. However, the female possesses no single diagnostic character and

is best identified on the basis of the characters presented in the key to species.

Description. - Size large for genus. Measurements of 20 Alberta specimens are: TL - 4.92 to 5.56 mm (X = 5.29 ± 0.19

mm); MW - 2.56 to 2.80 mm (X = 2.67 ± 0.07 mm); TL/MW - 1.88 to 2.11 (X = 1.98 ±0.06).
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Color similar to that of H. dentiger individuals. Head pale except posterior margin and on some specimens frons inside

each eye, brown to piceous; antenna pale except terminal articles infuscate; palpi pale, except terminal article of each palpus

infuscate. Pronotum testaceous except anterior and posterior margins medially, narrowly brown or piceous: disc with small

medial piceous spot. Elytron bicolored; testaceous, sutural margin narrowly black: disc with three more or less complete

brown vittae, vitta 4 broken medially and vitta 5 represented only on apical half; most specimens with vittae separate and

distinct on basal half, but variously widened and fused toward apex.

Elytron covered with small more or less equal sized punctures; punctation of metacoxae and abdominal sterna finer than

that characteristic of H. dentiger. Male with elytra smooth and shiny between punctures, without microsculpture; female

with entire elytron densely sculptured; both sexes with metacoxae and abdominal sterna sculptured.

Clypeus without anterior marginal bead. Pronotum with sides arcuate, greatest width slightly anterior to obtuse narrowly

rounded hind angles; prosternal process elongate and extended to metasternum. Metatarsal article 1 with longitudinal row

of seven to 12 setae on ventral face. Male with protarsal articles 1 to 3 broadly dilated (Fig. 32); protarsal claws broadened;

anterior claw shorter than posterior, with obtuse ventral tooth; posterior claw twisted anteriorly in dorsal view. Aedeagus

(Fig. 19) large, more or less straight in apical two thirds.

Natural history notes. - Specimens of this species inhabit warm, weedy ponds throughout

the province. They occur primarily in fresh water although occasional specimens were taken

from slightly saline waters. Scudder (1969) calls this a fresh or low salinity species, and records

it from lakes on the Fraser Plateau of British Columbia, which range in conductivity from 400

to 29,000 micromhos/cm. Specimens occur in both temporary and permanent ponds. Teneral

specimens were collected from July 30 to September 3.

Distribution. — This species ranges from North Dakota and Manitoba to Utah and British

Columbia, and as far north as the Mackenzie Delta (Aklavik, Tununuk; O. Bryant; UASM). 1

examined more than 250 specimens from Alberta localities (map. Fig. 338).

Hygrotus tumidiventris (Fall, 1919)

Coelambus tumidiventris Fall, 1919: 16. (Type locality - Stony Mountain, Manitoba.) Carr 1920: 3. - Feng and Mutchler

1927: 17. - Hatch 1953: 200. - Feech and Chandler 1956: 316. - Anderson 1962: 60. - Gordon and Post 1965: 15.

- Wallis 1973: 103.

Diagnosis. ~ The following characteristics define this species; large size; vittate elytral pat-

tern of many specimens; dual punctation on elytra; and abdominal sternum 6 with basal later-

al impression followed by an inflated or tumid area.

Description. - Measurements of 20 Alberta specimens are: TF - 4.08 to 4.88 mm (X = 4.58 ± 0.20 mm); MW - 2.04

to 2.64 mm (X 2.38 ± 0.13 mm); TF/MW - 1.85 to 2.00 (X = 1.92 ± 0.04).

Head rufotestaceous except frons with posterior margin medially and spot medial to each eye, continuous on most speci-

mens with posteromedial spot, dark brown or piceous: antennae pale, except outer articles infuscate apically: palpi pale, terminal

article of each palpus lightly infuscate or not. Pronotum rufotestaceous with anterior and posterior borders pale or narrowly

daxker near middle: disc with small brown medial spot. Elytron testaceous to rufotestaceous except sutural margin narrowly

piceous, disc of most specimens with distinct vittate maculations, variously fused on apical half of disc, vittae 1 and 2 more

or less complete and narrow, vitta 3 often broken in one or two places, vitta 4 broken at middle and vitta 5 absent or repre-

sented as small spot on apical half.

Elytron with punctation of disc dual: disc basally with sparse scattered punctures subequal in size to serial punctures,

separated by more numerous smaller punctures. Male without microsculpture on disc of elytra and metacoxal plates. Female

with fine microsculpture on elytra and metacoxal plates or rarely, female without microsculpture and resembling male; both

sexes with abdominal sterna microsculptured.

Clypeus without anterior bead. Prosternal process elongate, normal. Abdominal sternum 6 with basolateral impression on

each side and pronounced swelling or tumidity (more pronounced on male than on female). Metatibia slightly arcuate in

lateral view, dorsal margin slightly concave. Male with articles 1 to 3 of protarsus dilated (Fig. 33), articles 1 and 3 subequal

in width, article 2 broader than 1 and 3; protarsal claws narrow; anterior claw slightly shorter than posterior and abruptly

bent near base, dorsoventrally broadened medially, but without tooth and not twisted in dorsal aspect. Aedeagus and parameres

as in Fig. 17.

Natural history notes. — Although this species is most frequently encountered in warm
prairie ponds, it also occurs sporadically in the northern forested portion of the province, in

both fresh and saline waters and in permanent and temporary ponds. Teneral specimens were

collected from August 22 to September 8.

Distribution. — The known range of this species is from Manitoba and North Dakota to
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British Columbia and California. I examined 20 specimens from Salt Plain, N.W.T. (Wallis,

UASM), and more than 200 Alberta specimens (map. Fig. 339).

Hygrotus semivittatiis (Fall, 1919)

Coelambus semivittatus Fall, 1919: 18. (Type locality - Seligman, Arizona). Leng and Mutchler 1927: 17. - LaRivers

1951: 399. - Hatch 1953: 202.

Diagnosis. ~ The unmargined clypeus, pale color, reduced vittate elytral maculations, and

narrow pronotum, serve to characterize this species.

Description - Measurements of 20 Alberta specimens are: TL - 4.44 to 4.92 mm (X = 4.67 ± 0.14 mm); MW - 2.24

to 2.52 mm (X = 2.36 ± 0.08 mm); TL/MW - 1.92 to 2.08 (X - 1.98 ± 0.05).

Head and pronotum uniformly rufotestaceous; antennae with only outermost articles lightly infuscate; apical article of

each palpus lightly infuscate; pronotum with basal margin narrowly brown or piceous. Elytron testaceous except sutural

margin piceous: disc with four narrow vittae; vitta 2 best developed and extending medial two thirds length of elytron, vitta

1 slightly shorter, with origin more apically, vitta 3 origin about middle; vitta 4 various, usually one spot on apical half, but

on some specimens continued in basal half (these markings may be highly varied, ranging from almost absent on some speci-

mens to quite fully developed with some fusion toward apex). Ventral surface of body black. Legs rufotestaceous.

Elytron with punctation fine and of more or less uniform size and density. Both sexes with fine microsculpture on elytron

and metacoxal plates, but less deeply impressed on male. Males more shiny than females.

Clypeus without raised anterior margin. Prosternal process normal. Pronotum narrow, sides almost straight behind front

angles, divergent posteriorly but pronotum at base narrower than elytra across humeral angles on many specimens, hence

outline of body irregular and discontinuous at shoulders. Sternum 6 not modified. Male protarsus (Fig. 34) with articles 1

to 3 dilated, article 2 broader than 1 and 3, article 1 broader than 3; claws slender, anterior claw shorter than posterior and

strongly arcuate. Female protarsal articles very elongate and slender. Aedeagus evenly arcuate: parameres short and broad

(Fig. 20).

Natural history notes. — Members of this species are usually in shallow, turbid, saline or

alkaline ponds, where the bottom is bare clay or clay with scattered rocks. Such ponds are

usually temporary and are dry by June in most years. Occasional specimens are found in fresh

or clear water, probably because of recent dispersal.

Distribution. — This is a western species whose range extends from Arizona and Nevada to

British Columbia. It is known from east of the Rocky Mountains only in southern Alberta. I

examined 71 Alberta specimens (map. Fig. 340).

Hygrotus punctilineatus (Fall, 1919)

Coelambus punctilineatus Fall, 1919: 17. (Type locality - Stony Mountain, Manitoba.) Leng and Mutchler 1927: 17. -

WaUis 1973: 102.

Diagnosis. - The combination of the vittate elytra, dual punctation of elytral disc, strongly

ascending lateral margin of elytron and the peculiar male protarsal claws characterize this

species.

Description. - Measurements of 20 Alberta specimens are: TL — 3.72 to 4.12 mm (X = 3.93 ± 0.12 mm); MW - 2.0 to

2.28 mm (X = 2.17 ± 0.07 mm); TL/MW - 1.73 to 1.87 (X = 1.81 ± 0.03).

Head testaceous except posterior margin of frons and forward extension along inner margin of each eye, black: antennae

pale except terminal articles infuscate: palpi pale except terminal article of each palpus infuscate apically. Pronotum testaceous

except anterior border medially, and on some specimens also posterior border, narrowly piceous: disc with small medial

brown spot. Elytron testaceous except sutural margin narrowly piceous; disc with four or five longitudinal piceous or black

vittae; vittae 1 to 3 complete, narrowest anteriorly and broadened behind but on most specimens separate throughout length;

vitta 4 shorter, broken on many specimens into elongate anterior mark and broad posterior spot usually contacted to vitta

3 internally; vitta 5 absent or infrequently represented by small spot. Ventral surface black. Legs testaceous.

Head very densely and deeply punctate. Elytral punctation dual (Fig. 275), with larger punctures, subequal in size to serial

punctures, situated mainly on vittae but also scattered over remainder of disc: interspaces with numerous very small punctures.

Male elytron smooth and shiny, without microsculpture; female elytron with microsculpture which tends to obscure finer

punctures: metacoxal plates and abdominal sterna sculptured on specimens of both sexes.

Body short and broadly oval. Clypeus without anterior bead. Elytral margin in lateral view strongly ascendent to humeral

angle. Prosternal process normal. Abdominal sternum 6 normal. Male protarsal articles (Fig. 35) 1 to 3 subequal in width;

anterior protarsal claw elongate and slender, more or less straight medially, posterior claw about one half length of anterior
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claw and very slender. Aedeagus slender, more or less evenly arcuate basally with apex slightly recurved (Fig. 21).

Natural history notes. — These dytiscids are usually found in saline or alkaline water, (although

seldom in highly saline lakes surrounded by thick deposits of crustose salts) in shallow water

where the bottom is clay, sand or fine gravel and vegetation is either lacking or consists of

scattered emergent rushes. Teneral specimens were collected from August 7 to September 3.

Distribution. — This species is known from the Canadian Prairies only. I have seen specimens

from Manitoba, Saskatchewan and Alberta. I examined more than 100 Alberta specimens (map.

Fig. 341).

Hygrotus impressopunctatus (Schaller, 1783)

Dytiscus impressopunctatus Schaller, 1783: 312. (Type locality - unknown to me.) Crotch 1873: 389. - Sharp 1882: 403.

- Wickham 1895a: 74. - Blatchley 1910: 216. - Fall 1919: 19. - Zimmermann 1919: 152. - Carr 1920: 3. - Leng

1920: 77. - Brown 1930: 234. - Guignot 1933: 288. - J. Balfour-Browne 1948: 159, 162. - Hatch 1953: 201. - Zaitsev

1953: 134. - Leech and Chandler 1956: 316. — Anderson 1962: 60. - Gordon and Post 1965: 16. - James 1970: 92.

- WaUis 1973: 103.

Hydroporus similis Kirby, 1837: 68. (Type male in BMNH labelled as follows: Type H.T.; N. Amer. (5 5770 a.\Hydrop.

similis Kirby, N. Amer., 5770 Rev. W. Kirby.) Melsheimer 1853: 32. - LeConte 1855: 292. - LeConte 1863: 16. -

Gemminger and Harold 1868: 441. (Old World synonymy omitted.)

Diagnosis. - Specimens of this species are generally recognized by large size, longitudinally

confluent serial punctures of the elytron, dense elytral punctation, and presence of at least

faintly suggested longitudinal vittate markings on the elytra. Specimens of this species are

extremely similar to those of H. picatus, from which they can best be separated by the char-

acters presented in the key.

Description. - Measurements of 30 Alberta specimens are: TL - 4.40 to 5.08 mm (X = 4.77 ± 0.19 mm); MW - 2.20

to 2.64 mm (X = 2.47 ± 0.10 mm); TL/MW - 1.85 to 2.00 (X = 1.93 ± 0.04).

Head rufous except frons beside each eye piceous, piceous areas convergent posteriomedially and continuous with piceous

basal margin of head: antennae pale except articles 4 or 5 to 1 1 infuscate apically; palpi testaceous except terminal article

of each maxillary palpus lightly infuscate. Pronotum testaceous to rufous except transverse piceous band on basal 0.33 to

0.5, this band on most specimens not extended to lateral margin and somewhat prolonged medially. Elytron varied in color:

disc largely dark brown or piceous, most specimens with lateral and humeral pale areas as well as several somewhat irregular

and often poorly defined pale vittae on disc; (these vittae or longitudinal pale markings evident on almost all specimens; on

some darker specimens vittae pale lines inside sutural margin and just external to each serial row of punctures): epipleuron

pale. Ventral surface black. Legs rufous with pro- and mesotarsal articles infuscated on many specimens.

Elytral punctation (Fig. 276, 277) dual on basal half; each elytron with subsutural, two discal and subhumeral longitudinal

row of punctures on most specimens closely situated and confluent in form of four striae on at least basal portion of disc

(not well developed or evident on some coarsely sculptured females); area between striae with scattered coarse punctures

as well as numerous small secondary punctures in interspaces, punctation denser but more regular on apical third of elytron

(pattern of punctation obscured on some coarsely sculptured females). Male without microsculpture on elytra; some females

similar to males, or with microsculpture restricted to apical one third of elytron; many females with dense microsculpture

over entire disc of elytron, with smaller punctures and serial punctures separated from one another and not in form of evi-

dent longitudinal striae. Metacoxal plates microsculptured. Abdominal sterna of male largely smooth and shiny without

microsculpture; sternum 3 posteriomedially without trace of sculpture; female with sterna sculptured.

Clypeus without anterior bead. Prosternal process normal. Mesotrochanter with ventral surface densely punctate, posterior

ventral surface with row of long setae preceded by a dense field of very short stout setae. Metacoxal lines strongly divergent.

Pro- and mesotarsi broadly dilated in both sexes. Male anterior protarsal claw stout, strongly arcuate basally. Aedeagus more

or less straight in apical half (Fig. 22). Ovipositor with apex short and not strongly produced (Fig. 26 and Guignot 1933:

289, Fig. 166).

Taxonomic notes. — This species exhibits marked variation in size, body proportions, color

and punctation. This coupled with parallel variation in the following species has led almost

all previous authors to regard them as constituting one widespread highly variable species.

Because of this, most literature citations cannot be definitely referred to one or the other

of these species. The name H. picatus Kirby is not a synonym of H. impressopunctatus Schaller

but rather applies to the following species.

Natural history notes. — This species was collected from nearly all types of shallow weedy
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or vegetation-choked water throughout the province. Specimens are not found in strongly

saline water and to some extent the species is replaced in cold Carex marshes by H. picatus

Kirby. Most teneral specimens were collected during the latter part of July and August. Speci-

mens were collected in flight (Calgary, May 30, 1972) and at light (Flatbush, June 24, F.

Schott).

Distribution. — This species occurs from New England to California and north to Yukon

(CARR, !) and Alaska, I examined more than 600 specimens from Alberta localities (map.

Fig. 342).

Hygrotus picatus {Y^ixhy

,

1837)

Hydropoms picatus Kirby, 1837: 68. (Type - female in BMNH, labelled as follows: Type H. T.; N. Amer. 5769 Rev. Wm.
Kirby.) (Type locality given as Lat. 54.) LeConte 1850: 215. - Melsheimer 1853: 32. - LeConte 1855: 298. - LeConte

1863: 16. - Gemminger and Harold 1868: 438. - Crotch 1873: 388.

Diagnosis. - Specimens of this species are very similar to dark specimens of H. inipresso-

punctatus, these two species being separated best on the basis of the characters presented in

the key.

Description. - Measurements of 30 Alberta specimens are: TL — 4.72 to 5.32 mm (X = 5.06 ± 0.17 mm); MW - 2.44

to 2.72 mm (X = 2.59 ± 0.08 mm); TL/MW - 1.89 to 2.02 (X 1.95 ± 0.03).

Color darker than H. impressopuncatus, elytron without distinct pattern. Head rufous with posterior margin and frons

broadly medial to each eye, piceous; antennae with articles 1 to 4 pale rufous, articles 5 to 1 1 infuscate at least apically;

palpi rufous with terminal article of maxillary palpus and on some specimens also terminal article of labial palpus lightly

infuscate. Pronotum with apical half rufous, basal half piceous to lateral margins, or some specimens with entire disc piceous.

Elytra uniformly dark rufous to brown or rarely piceous, without suggestion of longitudinal pale areas on disc. Ventral sur-

face black. Legs rufous; metafemur medially and tarsi infuscate on some specimens.

Pattern of punctation and microsculpture similar to that described for//, impressopunctatus. Punctation of disc of pro-

notum and elytra very coarse. Pronotum with numerous coarse umbihcate and often somewhat elongate punctures on basal

half (dark areas), less numerous anteriorly; interspaces with scattered fine punctures. Elytra with dense coarse punctures;

serial punctures shghtly smaller than discal punctures, more or less confluent basally on disc to form four longitudinal im-

pressions or striae (not as well developed as that shown by H. impressopunctatus)-, interspaces with numerous very fine

punctures. Males and male-like female morph with disc of pronotum and elytra smooth and shiny between punctures, dorsal

microsculpture only on lateral margins of pronotum of some females and towards apex of elytron on both males and females;

metacoxae sculptured; abdominal sterna strongly sculptured on female, male with finely impressed somewhat stretched meshes,

visible even on posterior medial portion of sternite 3. Coarsely sculptured female with evident microsculpture on disc of

pronotum, elytra and entire ventral surface.

Male similar to male of H. impressopunctatus in most structural characters including the shape of the protarsus and its

claws. Aedeagus (Fig. 23) slightly broader in lateral view, especially near middle. Ovipositor (Fig. 27) with apical margin

relatively strongly produced.

Taxonomic notes. — All authors since Sharp (1882) have regarded the name H. picatus

(Kirby) as a junior synonym of H. impressopunctatus (Schaller). However, consistent differences

in female ovipositor, color and sculpture as well as distribution and habitat characteristics,

have convinced me that the name H. picatus applies to a separate species. Alberta populations

of H. picatus north of the Bow River and in the Cypress Hills contain both nonsculptured and

sculptured female morphs. However, all female specimens that I have seen from the Rocky

Mountains and the adjacent foothills south of the Bow River are nonsculptured.

Natural history notes. - This is the only strictly boreal species of Hygrotus in the fauna.

All collecting records are within the forested portions of the province and no specimens were

seen from prairies or southern parklands. Most specimens were collected from Sphagnum

bogs or cold Carex marshes.

Distribution. — The continental distribution is unknown. However, the species is probably

widespread in the boreal portions of the continent north to at least the southern Northwest

Territories (Hay River, UC). In Alberta, the species is found throughout the northern and

western portions of the province and is isolated in the Cypress Hills. I examined more than

190 specimens from Alberta localities (map. Fig. 343).
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Hygrotus masculinus (Crotch, 1874)

Hydroporus masculinus Crotch, 1874: 74. (Type locality - “Lake Labache” (Anderson (1962) interprets this as Lac La

Hache, B.C.)). Sharp 1882: 801. - Fall 1919: 17. - Leng 1920: 77. - Hatch 1953: 202. - Leech and Chandler 1956:

316. - Anderson 1962: 60. - Wallis 1973: 103.

Diagnosis. — This species is well defined on the basis of the following characters: body

elongate-oval, clypeus with anterior bead, ventral surface of body black, elytral margin strong-

ly ascending to humeral angle, and male protarsal claws very large and laterally expanded.

Description. - Measurements of 20 Alberta specimens are: TL — 3.68 to 4.64 mm (X = 4.30 ± 0.22 mm); MW — 1.88

to 2.36 mm (X = 2.21 ± 0.12 mm); TL/MW - 1.89 to 1.97 (X = 1.94 ± 0.02).

Head rufotestaceous except short piceous band along posteriomedial portion of frons; antennae pale except outer articles

lightly infuscate; palpi pale, without apical infuscation. Pronotum testaceous to rufotestaceous, without medial discal spot;

anterior and posterior margins narrowly translucent and appearing piceous when overlying maculations of head and elytron.

Elytron testaceous except sutural margin narrowly piceous; disc with four brown or piceous longitudinal vittae, vittae 1 to

3 complete on most specimens, vitta 4 broken near middle on many specimens. Ventral surface black.

Elytra densely punctate; punctures of various sizes but not evidently dual; male, smooth and shiny, without microsculpture;

female with microsculpture. Metacoxae and abdominal sterna sculptured in both sexes.

Clypeus with anterior bead. Pronotum with sides more or less straight or only sUghtly arcuate, diverging behind but base

of pronotum slightly narrower than elytra across humeral angles on most specimens: lateral outhne of body discontinuous.

Prosternal process short and broad: apex bluntly rounded and deflected upward, not extended to level of metastemum:

mesocoxae contiguous. Elytron with lateral margin strongly ascendent towards humeral angle. Metatarsus article 1 with

longitudinal series of 13 to 20 short spines along ventral margin. Male protarsus (Fig. 37) with articles 1 to 3 only shghtly

dilated; protarsal claws greatly elongate and dorsoventrally flattened; anterior claw shghtly shorter than posterior, broader

and more rounded apicaUy. Male genitalia as in Figure 24: paramere with setae divided into ventral and internal apical patch.

Taxonomic notes. — The species H. masculinus and H. salinarius form a group well separated

from the other large vittate species of Hygrotus. On the basis of the structure of the clypeus,

the prosternal process, and metatarsal article 1 ,
it appears as though these species occupy a

rather isolated position within the genus.

Natural history notes. - This species inhabits shallow saline or alkaline lakes, characterized

by very turbid water and bare clay bottoms devoid of rooted vegetation. Scudder (1969) re-

corded this species from lakes with surface conductivities of 2,820 to 60,500 micromhos/cm.,

in which the major cation was Na and the major anions CO3, HCO3 and SO4. Single individuals

no doubt of stray or accidental occurrence, have been taken from fresh water ponds. Teneral

specimens were collected during September, October and late April.

Distribution. — The range is from southern Manitoba and South Dakota (UASM) to Utah

and southern British Columbia. I examined more than 140 specimens from Alberta localities

(map. Fig. 344).

Hygrotus salinarius (Wallis, 1924)

Coelambus salinarius Wallis, 1924: 105. (Type locality - Cobb’s Lake near Baldur, Manitoba.) Leng and Mutchler 1927: 17.

- Anderson 1971: 507. - Wallis 1973: 103.

Diagnosis. — Members of this species are similar to those of H. masculinus but in the former

group the lateral margin of the elytron rises more obliquely to the humeral angle. Males of

H. salinarius have the protarsal claws shorter and not expanded laterally.

Description. - Measurements of 20 Alberta specimens are: TL - 4.40 to 5.00 mm (X = 4.76 ± 0.16 mm); MW - 2.24 to

2.48 mm (X = 2.40 ± 0.09 mm); TL/MW - 1.89 to 2.04 (X 1.98 ± 0.04).

Similar to members of//, masculinus in most features but differing as follows: Color paler, head of most specimens lacking

posteriomedial piceous spot of frons; pronotum entirely rufous; vittae of elytra slightly narrower. Elytron with fine punctation

denser; lateral margin less strongly ascendent to humeral angle when viewed from side, more oblique and not almost perpen-

dicular. Metatarsal article 1 with longitudinal row of 18 to 30 setae along ventral margin. Male with protarsal articles 1 to 3

broader (Fig. 38); protarsal claws shorter and not laterally expanded; anterior claw shorter than posterior, narrower and more

strongly arcuate, posterior claw twisted anteriorly when viewed from above. Male genitalia as in Figure 25: paramere with

single patch of apical setae.
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Natural history notes. — Specimens of this species inhabit highly saline turbid, clay-bottom-

ed prairie ponds as well as a large, clear although highly saline, lake with gravel bottom (Goose-

berry L., Alta.)- Teneral specimens were collected on August 17 (Tompkins, Sask., CARR).

Distribution. — This species is known only from the Canadian prairies. I have seen specimens

from Manitoba (Baldur, UASM; Strathclair, UASM), Saskatchewan (several localities in the

south), and Alberta. I examined 71 specimens from Alberta localities (map. Fig. 345).

Genus Hydroporus Clairville, 1 806

Hydroporus Clairville, 1806: 182. (Type species - not known to me. See Leech (1948b: 395) for a discussion regarding

the problem of the type species for the genus. Guignot (1946) designated Hydroporus pubescens Gyll. as type species

but Zaitsev (1953) gi\es Dytiscus erythrocephalus L. as type species).

Deronectes Sharp, 1882: 418. (Type species - Hydroporus latus Stephens, 1828, designated by F. Balfour-Browne, 1934b

(Leech, 1948b).)

Oreodytes Seidhtz, 1887: 57. (Type species - Hydroporus borealis Gyllenhal, 1827, designated by F. Balfour-Browne, 1936.

(Guignot, 1946).)

Suphrodytes Des Gozis, 1913: 110. (Type species - Dytiscus dorsalis F. (Zaitsev, 1953).)

Heterosterniis Zimmermann, 1919: 161. (Type species - Hydroporus concinnus LeConte, designated by Leech, 1949b).

Potamody tes Z'mxmQimmn, 1919: 186.

Potamonectes Zimmermann, 1921: 87. New name for Potamodytes Zimmermann, 1919. (Type species - Hydroporus elegans

Panz., designated by Guignot, 1946.) (Old World generic synonymy omitted.)

This is a very large and multiformous group of small water beetles. Characters common to Alberta members of the genus

are: - Hydroporinae of small to moderate size (TL - 2.6 to 6.3 mm). Shape of body various, broadly oval to elongate and

more or less parallel sided. Punctation various: many specimens distinctly setose. Elytron without humeral carina of epipleuron;

internal subapical hgula absent. Metacoxal process not adpressed medially to level of abdominal sternum 1 ;
with prominent

lateral lobes covering bases of metatrochanters but not attaining base of metafemur.

As defined here, the genus is much broader than that of most recent authors, who generally

choose to treat at least Deronectes and Oreodytes as separate genera. There is certainly a good

case for the latter approach as these groups are rather distinct. However, the species remaining

in Hydroporus constitute a heterogeneous assemblage, many of which differ between them-

selves at least as much as they differ from members of Deronectes and Oreodytes. A number

of genus-group names are available for various North American species groups, but for the

most part, these subgenera are poorly defined and their limits are not understood. Although

it is probably desirable and practical to group the species of Hydroporus into a number of

subgenera, I have not used a formal subgeneric classification. Related species are placed

sequentially in the following accounts, and notes on relationship are given. Following current

usage (Leech and Chandler, 1956; Anderson, 1962), Deronectes indues//, elegans, H. depressus,

H. striatellus, H. griseostriatus, H. spenceri, and H. quadrirnaculatus; and Oreodytes includes

H. snoqualmie, H. laevis, H. alaskanus, H. scitulus, H. rivalis, H. congruus, H. crassulus, and

H. angustior.

Species identifications in the genus Hydroporus are difficult because of the large number

of included species, small size of their members, and general uniformity in many characters.

The primary character used to assign species to groups, is shape of the hind margin of the

metacoxal processes. Although this character is somewhat gradational, generally it is easily

interpreted.

The other principal characters for species recognition are size, color and punctation. In some

critical cases the aedeagus is useful, but as a rule, within a group of closely related species, dif-

ferences in its shape are subtle and difficult to appreciate. A character of considerable value is

shape of the lateral margin of the elytron when examined in side view. It ranges from almost

perfectly straight from the humeral angle to the apex, to very arcuate. The expression “lateral

margin of elytron ascending to humeral angle” means that, when examined in side view, the

lateral margin is curved upwards away from the horizontal plane as it approaches the humeral
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angle. Also of value, is whether the epipleuron is visible to the humeral angle in lateral view

or if it is impressed towards the shoulder and hidden by the lateral margin.

Protarsal characters are useful, especially for identifying males. The protarsal claws are

distinctly modified in a few species, but generally the hest characters are degree of widening

of the basal three articles and their shapes. Protarsal articles 1 and 2 of the males of most

species bear a few small rounded adhesive scales on the ventral surface. The number and size

of such scales is valuable for species identification and for recognition of males in species in

which sexual dimorphism is slight.

Although there is no comprehensive treatment, descriptions and illustrations of immature

stages are given by Needham and Williamson (1907), Matheson (1914); Wilson (1923); Bertrand

( 1 928); F. Balfour-Browne ( 1 940); Watts ( 1 970); and Galewski (1971).

The members of this genus occupy a wide variety of habitats, and one or more species can

generally be found in almost every habitat inhabited by dytiscid beetles, with the exception

of saline ponds. Species, as well as individuals, are generally more numerous in cold water

habitats than in warm exposed ones.

Key to Alberta Species of Hydroponis

1 Posterior margin of metacoxal processes conjointly truncate^ (Fig. 41), medially

angulate (Fig. 42), or sinuate (Fig. 39, 40, 43): processes with midline extended to

or past level of posterior lateral angles 2

r Posterior margin of metacoxal processes incised at middle (Fig. 44, 45): midline

of processes not extending as far posteriorly as level of external apical angles . . 43

2 (1) Metacoxal processes conjointly with hind margin sinuate (Fig. 39, 40, 43) (each

process with hind margin emarginate lateral to midline: some specimens with elytron

rufous with black maculations and ventral surface of body rufous) 3

2’ Metacoxal processes together with hind margin truncate or angulate medially (Fig.

41, 42), not emarginate on each side lateral to midline and combination of char-

acters not as above 13

3 (2) Elytron with definite well delimited pattern of maculations 4

3’ Elytron immaculate or lateral and basal portions of disc paler than medial and apical

portions 8

4 (3) Elytron virtually glabrous, with large shallow punctures separated by minute punctulae

female with apex of abdominal sternum 6 produced

H. quadrimaciilatus Horn, p. 318

4’ Elytron densely covered with fine golden setae and with numerous small setiferous

punctures 5

5 (4’) Pale elytral markings transverse, pale band on anterior medial portion of disc sepa-

rated from pale band on apical half except along lateral margin (Fig. 105)

H. undulatus Say, p. 286

5’ Pale elytral markings longitudinal with at least some pale vittae extended through

medial half of disc (Fig. 106, 107, 108) 6

6 (5’) Elytron with three dark vittae: broad sutural, medial, and sublateral (Fig. 106): lat-

eral bead of pronotum narrow, at front angle not or only slightly broader than bead

near middle H. vittatus LeConte, p. 287

6’ Elytral vittae narrower, more numerous, and more irregular (Fig. 107 and 108);

4. Best seen by examining metacoxal process when specimen is placed on its back with head

directed towards observer.
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14(13)

14’

lateral bead of pronotum broadly expanded at front angle, about twice as wide as

bead near middle 7

Anterior margin of pronotum wiUi small medial piceous spot; antenna entirely

testaceous; male with protarsal claws subequal; anterior claw strongly bent at base,

apical half more or less straight dimidiatus Gemminger and Harold, p. 287

Pronotum with anterior margin along medial emargination, broadly piceous or black

antenna with at least article 1 1 infuscate on apical half; male with anterior protarsal

claw shorter than posterior, more or less evenly arcuate throughout its length

H. superioris Balfour-Browne, p. 288

Metatrochanter very large, ratio length metafemur/length of metatrochanter from

apex of metacoxal process = 1.9 to 2.2; protibia of male without emargination on

internal basal margin 11

Metatrochanter smaller, ratio length metafemur/length of metatrochanter = 2.3 to

2.8; protibia of male with emargination on internal basal face (Fig. 46) 9

Total length 3.5 to 4.0 mm H. paiigus Fall, p. 289

Total length 2.8 to 3.4 mm 10

Lateral bead of pronotum very broad (Fig. 48), at middle subequal in width to

maximum width of an outer antennal article

H. stagnalis Gemminger and Harold, p. 291

Lateral bead of pronotum narrower (Fig. 47), one half or less width of one outer

antennal article H. nibyi new species, p. 290

Small (TL — 2.6 to 3. 1 mm), broad (TL/MW — 1 .87 to 1 .97); prosternal process

with a low medial convexity visible throughout most of length; female with apex

of sternum 6 slightly but evidently deflexed downwards

H. edwardsi^?i\\\s,p. 291

Larger (TL - 2.9 to 3.5 mm), narrower (TL/MW — 1 .90 to 2. 1 5); prosternal process

flat or slightly concave medially, with medial longitudinal convexity visible only

towards apex; female with sternum 6 not modified 12

Size larger (TL — 3.08 to 3.48 mm); color dark, pronotum with disc dark brown

or piceous, elytron of many specimens more or less bicolored, base distinctly paler

than apical portion H. compertus Brown, p. 292

Size smaller (TL - 2.88 to 3.24 mm); color paler, disc of pronotum brown to dark

brown, seldom piceous, elytron pale basally, gradually darkened towards apex;

punctation finer H. planiusculus Fall, p. 293

Size large (TL — 4.5 to 6.3 mm); punctation of elytron relatively fine and dense;

elytron lacking defined pale maculations; male with protarsal article 1 bearing num-

erous small rounded adhesive scales on ventral surface and anterior protarsal claw

modified 14

Size smaller, TL less than 4.5 mm or combination of characters not as above; punc-

tation of elytron coarser, sparser: elytron maculate or not: male protarsal article 1

of most specimens bearing two pairs of scales; anterior protarsal claw modified or

not 15

Head rufous, irons with isolated piceous spot medial to each eye; pronotum with

lateral margins broadly rufous: male anterior protarsal claw (Fig. 81) shorter and

more arcuate than unmodified posterior claw H. columbianus Fall, p. 294

Head darker, frons with a transverse piceous or black band between eyes; lateral

margin of pronotum piceous or only narrowly rufous; male with protarsal claws

(Fig. 82) similar in shape, both elongate, strongly arcuate basally

H. notabilis LeConte, p. 294
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1 5( 1 3’) Head rufous with at most frons bearing poorly defined dark rufous or piceous spot

medial to each eye; pronotum with disc dark rufous to piceous, anterior and posterior

margins darker; body elongate-oval, slightly arcuate medially and more or less point-

ed behind 16

1
5’ Head darker, frons with expanded piceous or black areas or head largely black; pro-

notum with disc piceous to black; body varied in shape 17

16(15) TL — 4.0 to 4.5 mm: male anterior protarsal claw with large ventral tooth (Fig. 83)

H. dentellus Fall, p. 295

16’ TL — 3.0 to 3.5 mm: male anterior protarsal claw without ventral tooth

H. hockingi new species, p. 296

1 7( 1 5’) Elytron with at least distinct pale humeral and rounded subapical spot 18

17’ Elytron immaculate or diffusely paler basally and laterally but without defined pale

areas 22

18(17) TE- 4.0 to 4.8 mm 19

1
8’ TL less than 4.0 mm 20

19(18) Pronotum dark piceous with sharply delimited pale margins; elytral maculations

well developed, humeral band extended well onto disc, also most specimens with

anti- and postmedial lateral spots H. mannerheimi Balfour-Browne.p. 297

19’ Pronotum dark rufous or brown, diffusely paler laterally; elytral maculations of most

specimens consisting of humeral and subapical spots . . H. tademus Lqqc\\, p. 291

20(1 8’) Lateral margin of elytron more or less straight in side view, not ascending to humeral

angle; male with anterior protarsal claw strongly arcuate basally, ventral margin sin-

uate H. signatiis Mannerheim, p. 298

20’ Lateral margin of elytron slightly but evidently ascending to humeral angle; male

with anterior protarsal claw unmodified, similar in shape to posterior claw .... 21

21(20’) Ground color of pronotum and elytron of most specimens brown to piceous, seldom

black; elytral maculations well developed (Pig. 109); antenna slender, article 2 with

maximum width towards apex; pronotum with lateral margin evenly arcuate (Pig.

103) H. appalachius Sherman, p. 299

21’ Ground color of pronotum and elytron black; elytral maculations of most specimens

humeral and subapical spot; antenna stout, article 2 oval with point of maximum
width at or near middle; pronotum robust, relatively strongly broadened in apical

half (Fig. 104) H. occidentalis Sharp, p. 300

22(17’) Microsculpture reduced, metacoxal plates medially and on most specimens disc of

pronotum and basal portion of elytron, smooth and shiny between punctures, with-

out microsculpture 23

22’ Metacoxal plates, disc of pronotum and elytron bearing evident although sometimes

finely impressed reticulate microsculpture 24

23(22) Male with anterior protarsal claw strongly arcuate basally; article 1 of protarsus with

more than two pairs of rounded scales on ventral surface; intralinear space of meta-

coxa with dense, short, suberect brown setae. B. criniticoxis new species, p. 301

23’ Male anterior protarsal claw not modified or only sliglitly more arcuate basally than

posterior claw; protarsal article 1 bearing two pairs of scales beneath; intralinear space

of metacoxa with only normal sparse elongate setae

H. fiiscipennis Schaum, p. 301

24(22’) TE — 3.5 mm or less 25

24’ TL greater than 3.5 mm 34

25(24) Lateral margin of pronotum and elytron in dorsal view strongly discontinuous in

outline (Eig. 113, 114); pronotum with point of maximum width clearly in front
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of obtuse hind angles 26

25’ Lateral margins of pronotum and elytra together more or less continuous curve, or

at least pronotum with point of maximum width at hind angle 28

26(25) Dorsal surface of head with triangular bright rufous area on clypeus and anterio-

medial portion of frons H. riifinasus Mannerheim, p. 303

26’ Head piceous to black with anterior margin of clypeus at most diffusely paler, dark

rufous or piceous 27

27(26’) TL — 2.8 to 3.2 mm; male anterior protarsal claw without ventral tooth

H. glabriusculus Aube, p. 303

27’ TL — 3.0 to 3.6 mm: male anterior protarsal claw with ventral tooth

H. morio Aube, p. 304

28(25’) Prosternal process prolonged anteriorly onto basal half of prosternum as narrow

longitudinal convexity; lateral margin of elytron strongly ascending to humeral angle

(Fig. 115) H. tristis (Paykull), p. 305

28’ Prosternum rugose, flat, or concave medially, without base of process prolonged

anteriorly as a distinct convexity 29

29(28’) Lateral margin of elytron straight or almost so in side view, not ascending to humer-

al angle; male with anterior protarsal claw as in Figure 84

H. signatus in part, p, 298

29’ Without above combination of characters 30

30(29’) Male anterior protarsal claw with ventral tooth; color dark, most specimens with

disc of pronotum and elytron black, or elytron very slightly paler

H. morio in part, p. 304

30’ Male anterior protarsal claw without ventral tooth: color various, many specimens

with elytron distinctly paler than disc of pronotum, or both piceous; if both black,

lateral margin of pronotum (at least apically) and humeral angle of elytron pale . .

31

31(30’) TL — 2.6 to 3.0 mm; body elongate, TL/MW — 2.0 to 2.2; pronotum dark piceous

or black with at most anterior and posterior angles, rufous; elytron dark rufous or

rarely piceous; procoxae close to anterior margin of prosternum; prosternum ante-

rior to procoxae inflated and coarsely punctate or rugose

H. badieUus Fall, p. 307

31’ Size larger, 2.9 mm or more; body broader, TL/MW — 1.89 to 2.13: color various,

if pronotum entirely black, elytron also black or if elytron paler in color, lateral

margins of pronotum even inside bead, rufous 32

32(31’) Ventral surface of head with genae testaceous to pale rufous, gula rufous to dark

rufous and distinctly darker in color than genae; elytron brown to piceous: male

anterior protarsal claw not modified: TL/MW - 1.89 to 1.95

H. tartaricus LeConte, p. 313

32’ Ventral surface of head with genae infuscate, or if pale, then darker in color or of

same color as gula 33

33(32’) Disc of pronotum and elytron black or dark piceous; body robust, pronotum broad-

ly rounded anteriorly; male anterior protarsal claw simple

H. occidentalis Sharp, p. 300
33’ Disc of pronotum dark brown to piceous, rarely black, elytron brown to piceous;

pronotum narrower, evenly and gradually broadened to hind angles; male with ante-

rior protarsal claw conspicuously broadened in side view

H. striola Gyllenhal, p. 306

34(24’) TL — 4.2 to 4.8 mm; body elongate and subparallel medially; labial palpus testaceous.
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34’

35(34’)

35’

36(35’)

36’

37(36’)

37’

38(37)

38’

39(37’)

39’

40(39’)

40’

41(40’)

41
’

42(41’)

42’

43 (D

43’

without apical infuscation H. rectus Fall, p. 3D9

Size various but many specimens less than 4.3 mm; body more or less distinctly

rounded laterally and somewhat oval in outline; labial palpus with terminal article

intuscate 35

Lateral margin of elytron more or less straight, not or only sliglitly ascending to

humeral angle; male anterior p^otarsal claw arcuate at base, ventral margin sinuate

(Fig. 84) H. signatus in part, p. 298

Lateral margin of elytron distinctly ascending towards humeral angle; male with

anterior protarsal claw not so modified 36

Male anterior protarsal claw with medial ventral tooth. . H. morio in part, p. 304

Male anterior protarsal claw without ventral tooth 37

Male protarsus article 1 with three or more pairs of scales: head black with frontal

bar and small triangular spot above base of each antenna, rufous; pronotum with

punctation of disc very fine and sparse; protarsal article 3 short and rounded, more

or less circular in outline 38

Male protarsus article 1 with two pairs of scales on ventral surface; head of most

specimens with at least anterior margin of clypeus rufous; pronotum with disc more

coarsely punctate: protarsal article 3 more elongate, broadly oval, or with lateral

margins subparallel 39

Lateral bead of pronotum rufous; protarsal article 1 of male with three pairs of

ventral scales; protarsal claws subequal, elongate and slender

H. carri new species, p. 307

Lateral bead of pronotum black; protarsal article 1 of male with more than three

pairs of ventral scales; anterior protarsal claw slightly shorter and stouter than poste-

rior H. transpunctatus Chandler, p. 308

Male anterior protarsal claw about two thirds length of posterior, stouter and strong-

ly arcuate; head very coarsely punctate H. pervicinus Fall, p. 311

Male protarsal claws subequal in length; punctation of head various 40

Male with articles 3 of pro- and mesotarsus very long and broad, much more robust

than articles 1 and 2 (Fig. 97); female with elytral sculpture very fine and dense

hence elytra appearing opaque H. tenebrosiis LeConte, p. 310

Male with articles 3 of pro- and mesotarsus shorter and less strongly dilated; female

with sculpture similar to that of male or with lines more deeply impressed, but not

fine and dense 41

Head with genae testaceous to pale rufous in color, paler than rufous gula; lateral

margin of pronotum narrow but distinct basally, narrowed and more or less obsolete

anteriorly because of swollen sublateral margin of pronotum: TL - 3.25 to 3.60 mm,
TL/MW — 1.89 to 1.95 H. tartariciis LeConte, p. 313

Genae dark rufous to piceous, darker than gula; lateral margin of pronotum narrow

but of even width and visible throughout length 42

Protarsal article 3 rounded laterally, broader H. despectus Sharp, p. 311

Protarsal article 3 narrow, sides more or less straight and divergent apically

H. despectus, p. 312

Metafemur densely punctate over entire surface; dorsal surface of elytron with dense

short pLibescense; pronotum without sublateral longitudinal impression on disc . . .

44

Metafemur with single longitudinal row of setiferous punctures on ventral surface,

otherwise with only few scattered punctures; elytron glabrous except for serial seti-

ferous punctures; pronotum with short sublateral longitudinal impression on disc .

48
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44(43) Lateral margin of elytron with a small acute siibapical tooth 45

44’ Lateral margin of elytron without subapical tooth 46

45(44) Male with anterior protarsal claw (Fig. 85) 0.25 or more longer tlran posterior;

aedeagus evenly tapered to narrowly rounded apex (Fig. 76)

H. elegans (Panzer), p. 314

45’ Male protarsal claws subequal or anterior claw only slightly longer than posterior

(Fig. 86); apex of aedeagus broad (Fig. 77) ....//. depressus (Fabricius), p. 315

M-6(44’) Elytron with impressed sutural stria and on most specimens additional one or two

(some specimens with as many as five)longitudinal discal striae: body broad, ratio

TL/MW - 1.75 to 1.92 (X= 1.86) H. sthatelliis LeConte, p. 315

46’ Elytron without distinct longitudinal striae: body more elongate, TL/MW — 1.90

to 2.10 (X = 2.00) 47

47(46) Metacoxal lines divergent anteriorly (Fig. 44): TL - 4.32 to 5.16 mm
H. griseostriatus {DtGQtr), g). 316

47’ Metacoxal lines nearly parallel (Fig. 45): size larger, TL 5.4 to 6.0 mm(X = 5.70

mm) //. .s'pc/mcrz (Leech), p. 318

48(43’) Epipleuron of elytron visible to humeral angle when examined in lateral view (Fig.

118)

49

48’ Epipleuron hidden behind lateral margin of elytron posterior to humeral angle (Fig.

119)

51

49(48) Protibia strongly dilated in apical half, inner margin sinuate (Fig. 124); epipleuron

dark piceous to black H. alaskanus V'dW, g>. 321

49’ Protibia evenly broadened toward apex, inner margin more or less straight (Fig.

1 23); epipleuron pale yellow to light piceous 50

50(49) Base of pronotum as broad as or broader than elytra across humeral angles (Fig.

120)

;
female elytron without subapical tooth; elytral maculations dark brown to

pale piceous, not black: TL - 3.4 to 3.9 mm H. snoquahnie Hatch, p. 319

50’ Pronotum narrower at base than elytron across humeral angles on many specimens

(Fig. 121); female elytron with lateral subapical tooth; elytral maculations dark

piceous to black: TL — 4.4 to 4.9 mm H. laevis Kirby, p. 320

51(48’) Small specimen, TL - 2.5 to 3.2 mm: body broadly oval, TL/MW — 1.6 to 1.75

52

51’ Larger specimen, TL — 3.3 to 3.9 mm; body more elongate, TL/MW - 1.85 to 1.95

H. scituhis LeConte, p. 322

52(5 1 ) Elytron impunctate or with punctures smaller than serial punctures and more or

less inconspicuous 53

52’ Elytron conspicuously punctate, at least basomedially
;
punctures as large as or larger

than serial punctures 54

53(52) Elytron with origin of dark piceous or black vittae near basal margin; most specimens

with vittae 1 to 4 distinct and not fused; metacoxal plates internally with conspicuous

punctures, externally smaller and shallower H. rivalis Gyllenhal, p. 323

53’ Elytron with origin of brown to piceous vittae well behind basal margin; vittae 1 to

4 more or less fused basally; metacoxal plates evenly covered with conspicuous

punctures H. congruiis LeConte, p. 324

54(52’) Lateral bead of pronotum broadened at posterior lateral angle; punctation of elytron

evident over entire disc; elytral vittae complete, single or on some specimens (non-

Alberta) with tendency towards fusion H. crassulus Fall, p. 324
54’ Lateral bead of pronotum of more or less even width throughout length, not ex-

panded at posterior lateral angle; elytral punctation best developed medially, lateral
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portion of disc shallowly punctate or impunctate; elytral vittae 1 to 3 complete on

most specimens, vittae 4 and 5 broken medially complete or on some specimens

fused to each other basally and subapically as two irregular transverse fasciae ....

H. angustior Hatch, p. 325

Hydroporus iindiilatus Say, 1 823

Hydroponis iindulatus Say, 1823a: 154. (Type locality - “Upper Missouri”.) Say 1823b: 102. - Melsheimer 1853: 31. -

LeConte 1855: 291. - LeConte 1859b: 99. - LeConte 1863a: 16. — Gemminger and Harold 1868: 441. - Crotch 1873:

393. - Sharp 1882: 157. - Wickham 1895a: 75. - Needham and Wilson 1908: 492. - Zimmermann 1919: 178. - Leng

1920: 78. - Zimmermann 1920: 109. - Fall 1923: 31. - Brown 1930b: 235. - Balfour-Browne 1948: 150. - Hatch

1953: 203. - Gordon and Post 1965: 17. - WaUis 1973: 103.

Hydroponis fasciatus Harris, 1828b: 164. (Type locahty - not stated by author. Ipswich, Mass. (Fall 1923: 34).)

Hydroponis pubipennis Aube, 1838: 480. (Type locality - North America.)

Hydroponis veliitimis Aube, 1838: 481. (Type locality — North America.)

Hydroponis piinctatissimiis Aube, 1838: 484. (Type locality - North America.) Melsheimer 1853: 32. - LeConte 1863a: 16.

Hydroponis consimilis LeConte, 1850: 214. (Type locality - not given, assumed to be Lake Superior.) Melsheimer 1853:

32. - LeConte 1855: 291. - LeConte 1863a: 16. - Gemminger and Harold 1868: 431. - Crotch 1873: 393. - Sharp

1882: 441. - Wickham 1895a: 75. - Leng 1920: 78. - Zimmermann 1920: 107. - FaU 1923: 36. ^ Hatch 1933: 10.

- WaUis 1973: 103.

Hydroponis scrutator Sharp, 1882: 440. (Type locality — Ega?, North America.)

Hydroporus anticus Sharp, 1882: 441. (Type locality - North America (Pennsylvania, Louisiana).)

Hydroponis placatus F'all, 1917: 177. (Type locality - Corvalhs, Oregon.)

Diagnosis. - The transverse pattern of pale elytral maculation as opposed to the longitudinal

pattern shown by the following three related species is the best characteristic for field recog-

nition of Lindulatiis adults.

Description. - Measurements of 20 specimens collected 6 mi s Smith, Alberta, are: TL - 4.20 to 4.72 mm (X = 4.48 ±

0.13 mm); MW - 2.24 to 2.48 mm (X = 2.36 ± 0.07 mm); TL/MW - 1.85 to 1.97 (X = 1.90 ± 0.03).

Head rufous; antenna testaceous except outer articles, beginning with article 6 or 7 of some specimens, infuscate apicaUy;

palpi testaceous. Pronotum rufous with basal margin narrowly piceous; piceous area expanded medially, or some specimens

with only single or bilobed basomedial spot continuous with hind margin; anterior margin with medial piceous spot on some

specimens expanded lateraUy to lateral Umits of anterior pronotal emargination; anterior and posterior pronotal spots ex-

panded and continuous along midUne on some specimens. Elytron with pale maculations varied in development but markings

more or less transverse in shape (Fig. 105), i.e., no pale discal markings extended through both basal and apical halves of

elytron. Ventral surface of body and legs, rufous.

Frons medially with smaU but deep, densely situated punctures; interspaces coarsely reticulate. Disc of pronotum and

elytron with dense golden pubescence. Pronotum medially with large clearly separated setiferous punctures, laterally and

posteriorly punctures denser and more or less confluent; interspaces with fine sculpture, irregularly effaced on male, deeper

and more conspicuous on female. Elytron with punctation similar to that of pronotum but punctures slightly smaller, denser

and more or less even in distribution over disc; male smooth and shiny or with sculpture faintly impressed and more or less

obsolete basally, deeper laterally and apically; female with elytral sculpture various, like male or with lines very fine and

dense, elytron dull and opaque. Metasternal wing, metacoxal plate, and sterna 1 and 2, with coarse punctures: sterna 3 to

6 with punctation finer.

Clypeus with anterior ridge evident, at least laterally anterior to frontal impressions. Pronotum with lateral bead various:

narrow basally and widened more or less evenly towards anterior angle where it is rather broad and more or less flattened; or

some specimens with bead narrow throughout most of length and widened only at front angle (specimens showing inter-

mediate conditions have been seen). Prosternal prominence large, file with only few transverse ridges; prosternal process

broad, flattened with low median ridge. Metasternum anterolaterally between and behind mesocoxae with conspicuous

angulate convexity. Metacoxal processes conjointly sinuate.

Male with articles 1 to 3 of pro- and meso tarsus strongly dilated: articles 1 and 2 each with numerous elongate or rounded

scales on ventral surface; anterior protarsal claw slightly shorter or subequal in length to posterior claw, strongly arcuate

basally, more or less straight apically with ventral margin faintly sinuate. Aedeagus as in Figure 49.

Taxonomic notes. — H. iindulatus shows a great deal of inter- and intrapopulation variation

which in turn is reflected in the large number of names that have been applied to the species.

Fall ( 1 923) discussed this synonymy at some length, and I have followed him, for the most

part. However, I consider the name H. consimilis to be a junior synonym of//, undulatus.

Fall considered the two names to refer to distinct species. Hatch (1953) and Wallis (1973)

proposed this synonymy. Several population samples from central Alberta include specimens
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which possess characteristics of H. consimilis, that is, the narrow lateral pronotal bead and

the expanded dark maculations on the pronotum. Other population samples possess the typical

characteristics of H. undulatus. Specimens showing an intermediate condition occur also. With-

in a given population sample, almost all specimens agree with one another in color and width

of the pronotal bead. Also, the aedeagi of males of the two forms are identical. For these reasons,

I regard consimilis-\ikQ Alberta specimens as conspecific with those possessing the more typical

characters of H. undulatus. A very careful study of the variation shown by this species is re-

quired.

Natural history notes. - These beetles are found in permanent bodies of water, usually

where rooted vegetation is sparse and the bottom is bare, at least in spots. Specimens are often

abundant along the banks of beaver ponds, especially recently formed ones, and among emergent

Carex growing on sand or clay bottoms along sheltered margins of lakes.

Distribution. — If H. undulatus and H. consimilis are conspecific, the total range of this

species extends from Newfoundland to Oregon and British Columbia, and south to Virginia

and North Carolina. In Alberta, the species is known from the Red Deer River and north. I

examined 180 specimens from Alberta localities (map. Fig. 346).

Hydroporus vittatus LeConte, 1855

Hydroporus vittatus LeConte 1855: 296. (Type locality - Fort Laramie, Nebraska (Wyoming).) LeConte 1859a: 36. -

LeConte 1863a: 16. - Gemminger and Harold 1868: 442. - Crotch 1873: 393. ~ Sharp 1882: 443. - Wickham 1895:

75. - Leng 1920: 78. - Zimmermann 1920: 109. - FaU 1923: 42. - Gordon and Post 1965: 17. - Wallis 1973: 103.

Diagnosis. - The narrow lateral bead of the pronotum and the characteristic maculation

of elytron make this species readily recognizable.

Description. - Measurements of seven Alberta specimens from Bare Creek (Tp. 3 Rge. 2 W 4), are: TL - 4.12 to 4.28

mm (X = 4.21 ± 0.05 mm); MW - 2.04 to 2.24 mm (X = 2.15 ± 0.07 mm); TL/MW - 1.89 to 2.02 (X = 1.95 ± 0.05).

Head rufous; antenna and palpi without apical infuscation. Pronotum rufous except anterior and posterior margins

piceous, more broadly so medially. Elytron (Fig. 106) rufous except basal and sutural margins broadly black; disc with

broad medial longitudinal black fascia and shorter lateral black spot. Ventral surface rufous with abdominal sternum 2 dark

rufous to piceous laterally on many specimens. Legs rufous.

Dorsal surface of pronotum and elytron with short decumbent golden or pale brown setae. Male with disc of elytron

between punctures more or less shiny, microsculpture finely impressed; female with punctation denser, interspaces dull.

Pronotum with lateral bead narrow, of more or less equal width throughout length or only slightly and narrowly widened

toward front angle. Prosternal prominence low, slightly elevated above level of file. Metacoxal processes with hind margin

conjointly sinuate. Male with anterior protarsal claw shorter than posterior, broadened and evenly arcuate throughout length.

Aedeagus (Fig. 50) with apex shghtly sinuate in lateral view.

Taxonomic notes. — Color or punctation varies slightly among the eight Alberta specimens

examined. However, many specimens from the eastern portion of the species’ range have the

dark maculations of the elytron expanded and at least partially confluent, the infuscation of

abdominal sternum 2 lacking, and the females resemble males in elytral punctation and micro-

sculpture.

Natural history notes. — I found specimens amid emergent vegetation along banks of Bare

Creek, near Wildhorse, Alberta, a small permanent, low gradient creek which flows through

short grass prairie, with water generally clear and warm.

Distribution. - This species ranges from Illinois and Indiana to Wyoming and Alberta. A
single specimen in UASM labelled Weeki Wachee, Fla. may be mislabelled because Young

(1956) did not find this species in Florida. Eight Alberta specimens have been examined, from

the southeastern portion of the province (Fig. 347).

Hydroporus dimidiatus Gemminger and Harold, 1868

Hydroporus dimidiatus Gemminger and Harold, 1868: 432. (New name for semirufus LeConte.) Sharp 1882: 443. - Fall
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1923: 43.

Hydroporus semirufus LeConte, 1855: 296. (Type locality - Fort Laramie, Nebraska (Wyoming). Not Germar, 1823. LeConte

1859: 36. — LeConte 1863a: 16. — Crotch 1873: 393. — Leng 1920: 78. - Zimmermann 1920: 108.

Diagnosis. — Similar to siiperioris but differing in smaller size, paler color, and structure of

the male protarsus.

Description — Measurements of 20 specimens from near the Junction of Hwy. 6 and Belly River, Waterton National Park,

Alberta are: TL - 4.00 to 4.44 mm (X =4.17 ± 0.11mm); MW - 2.08 to 2.28 mm (X =2.15 ± 0.05 mm);TL/MW- 1.85

to 2.00 (X = 1.94 ± 0.03).

Head including appendages, testaceous: palpi and antenna without apical infuscation. Pronotum testaceous with basal

margin narrowly piceous: anterior margin narrowly brown or piceous near middle, piceous area not reaching lateral margins

of anterior emargination. Elytron variegated as in Figure 107: disc with longitudinally arranged vittae. Ventral surface rufous.

Legs testaceous to light rufous.

Dorsal surface of pronotum and elytron with short, pale, decumbent setae. Disc of pronotum densely and evenly punctate,

punctures separated by less than own diameters; interspaces with evident reticulate microsculpture. Elytron with discal punc-

tures more irregular, punctures smaller than those on pronotum and less distinct; interspaces with microsculpture more or

less effaced on male, better developed on female with elytron dull. Ventral surface relatively finely and densely punctate.

Clypeus not or only slightly thickened. Lateral bead of pronotum narrow basally, broadly expanded towards front angle:

flattened dorsally. Prosternal prominence present but low; file represented by deep excavation. Metasternal sulcus present,

metasternum anteriolateral to sulcus raised into definite longitudinal convexity. Epipleuron, when viewed from side, disap-

pearing very shortly behind humeral angle.

Male with articles 1 to 3 of pro- and mesotarsi dilated; anterior protarsal claw subequal in length to posterior, claw shghtly

bent at base then more or less straight to the acute, shghtly arcuate apex; outer margin more or less straight, ventral margin

sinuate. Aedeagus (Fig. 51) short and stout.

Taxonomic notes. - Alberta specimens of this species resemble the eastern species H. soli-

tariiis Sharp in color of the pronotum and to a lesser extent color of the elytron, but possess

an aedeagus similar to that of H. dirnidiatus. These specimens are also intermediate between

H. dirnidiatus and H. solitariiis in size and punctation. The thickening of the clypeal margin,

a character Fall used to separate the two species, is unreliable. Further study may indicate

that //. dirnidiatus and H. solitariiis are Western and Eastern forms respectively, of the same

species. I have used the name H. dirnidiatus for Alberta specimens because the shape of the

aedeagus and geographical distribution suggests a closer relationship with the southern and

western species, H. dirnidiatus, than with the eastern species, H. solitariiis.

Natural history notes. — A long series of specimens was collected from a borrow-pit situated

beside the Belly River in Waterton National Park, with clear cool water entering from a small

spring and also probably from seepage or overflow from the river. The beetles were in water

from six inches to several feet deep along a steep clay bank with numerous tangled roots and

waterlogged-wood chips. Other areas in the pond where stands of Carex or Chara grew, or

where the bottom was gravel, did not yield specimens of H. dirnidiatus. Several specimens

were shghtly teneral (July 7).

Distribution. — Fall records this species from Wyoming to Texas and west to New Mexico

and Arizona. Alberta specimens have been collected in the Rocky Mountain foothills from

the international border to Sundre. I examined 82 specimens from localities indicated in

Figure 348.

Hydroporus siiperioris J. Balfour-Browne, 1944

Hydroporus superioris Balfour-Browne, 1944: 349. (new name for//, sericeus LeConte). Hatch 1953: 203. - Gordon and

Post 1965: 17. - Wallis 1973: 104.

Hydroporus sericeus LeConte, 1850: 214. (Type locality - not stated, vicinity of Lake Superior.) Not Eschscholtz, 1818,

or Costa, 1847. Melsheimer 1853: 32. - LeConte 1855: 291. - LeConte 1863a: 16. - Gemminger and Harold 1868: 441.

- Crotch 1873: 393. - Sharp 1882: 443. - Wickham 1895a: 75. - Leng 1920: 78. - Zimmermann 1920: 108, - Fall

1923: 43.

Diagnosis. — The most useful characters for recognizing this species are presented in the

preceding key to species.
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Description. - Measurements of 20 specimens from the Little Bow River near Travers Dam, Alberta, are: TL - 4.36 to

4.84 mm (X = 4.57 ±0.13 mm); MW - 2.31 to 2.52 mm (X = 2.40 ± 0.06 mm); TL/MW - 1.82 to 1.95 (X = 1.90 ± 0.03).

Ground color of body pale rufous. Antenna testaceous except articles 7 or 8 to 1 1 infuscate apically; palpi entirely testaceous.

Pronotum with anterior margin inside anterior emargination, broadly piceous or black: basal margin with black border broad-

ened internally, narrower towards posterolateral angles. Elytron (Fig. 108) testaceous or very pale rufous with sutural margin

and about four longitudinal discal vittae and two longitudinal lateral spots, piceous or black; development of dark maculations

various; some specimens with distinct longitudinal vittae, others with dark maculations expanded and elytral disc largely

piceous with few narrow longitudinal pale markings — but even darkest specimens with subsutural pale band extended at least

two thirds length of elytron hence basic pattern of elytral coloration of alternating longitudinal pale and dark vittae.

Dorsal surface of pronotum and elytron densely covered with short golden setae. Head coarsely punctate, interspaces

microsculptured and dull: disc of pronotum and elytron densely punctate; interspaces on male smooth or with lightly im-

pressed microsculpture, sculpture more deeply impressed laterally on pronotum and laterally and apically on elytron; female

duller than male and more or less opaque due to fine dense microsculpture.

Clypeal ridge obsolete or suggested laterally as low convexity. Pronotum with lateral bead narrow basally, gradually widen-

ed toward front angles, subequal in width to maximum width of antennal article 3. Lateral margin of elytron more or less

straight or very slightly ascending towards humeral angle: epipleuron visible to humeral angle in side view. Prosternum with

medial prominence large and well developed, transversely truncate anteriorly; file, with several shallow transverse ridges.

Metastemum with medial longitudinal sulcus well developed, area anterolateral to sulcus evenly rounded and without sug-

gestion of longitudinal lateral ridge. Metafemur with posterobasal margin with scattered golden setae.

Male with articles 1 to 3 of protarsus dilated: articles 1 and 2 bearing many small oval adhesive scales on ventral surface:

anterior protarsal claw shorter and broader than posterior, strongly and evenly arcuate. Aedeagus (Fig. 52) elongate, more

or less straight apicaUy in lateral view: apex broadly rounded.

Natural history notes. — Specimens are found in permanent, warm water, usually in situations

where the bottom is clay or sand, with sparse rooted plants. Some beetles were found where

vegetation was dense, but relatively little plant debris had accumulated. I found specimens in

slow streams, beaver ponds, protected lake shores, borrow-pits and drainage ditches, sites in

which the water is warmed by the sun. The beetles are often active during the day and in some

sites many specimens were observed swimming along the bottom. Many teneral specimens

were collected at Fickle Lake near Edson, on August 9, 1971.

Distribution. — The known range of this species is from Lake Superior and Manitoba to

southeastern British Columbia, south to Minnesota and Indiana, and north to Aklavik, N.W.T.

(UASM). The species probably occurs throughout the province excepting the Rocky Mountains.

I examined approximately 250 specimens from Alberta localities (map. Fig. 349).

Hydroporus paugiis Fall, 1923

Hydroporus paugus Fall, 1923: 50. (Type locality - Tyngsboro, Mass.) Feng and Mutchler 1927: 17. - Brown 1932b: 201.

- Hatch 1953: 204. - Wallis 1973: 104.

Diagnosis. — This and the following two species are characterized by the male protibia which

is emarginate basoventrally. Specimens of H. paugus are larger and more depressed than are

specimens of H. rufiplanulus, H. rubyi and H. stagnalis.

Description. - Measurements of 24 Alberta specimens are: TF - 3.52 to 4.00 mm (X = 3.84 ± 0.12 mm); MW - 1.72 to

1.92 mm (X = 1.83 ± 0.06 mm); TF/MW - 2.05 to 2.18 (X = 2.10 ± 0.03).

Dorsal surface pale rufous to piceous. Head brown except anterior margin broadly pale rufous; antenna rufous, articles

3 or 4 to 11 infuscate; palpi rufous, terminal article of each palpus lightly infuscate apically. Pronotum with disc dark brown

or piceous, lateral bead and margin broadly inside of bead, pale brown to rufous. Elytron brown, darkest medially on disc,

paler laterally: epipleuron pale brown. Ventral surface dark brown to black with proepisternum, hind margins of sterna 3 to

6, and lateral spot on each of sterna 3 to 5, pale brown or rufous. Legs pale brown.

Pronotum with large deep punctures along anterior and basal margins: disc with sparse smaller punctures. Elytron uniform-

ly punctate, punctures large and deep, separated by one to two times their own diameters; each puncture with short incon-

spicuous brown seta. Metasternal wing and metacoxal plate with strong but widely and evenly separated punctures.

Body flattened, more or less parallel-sided medially. Pronotum with lateral bead about one half width of one distal anten-

nal article, well delimited and of about uniform width throughout length; hind angles of pronotum right or slightly obtuse:

base more or less straight laterally, medial lobe short and broad. Elytron long and almost parallel-sided in basal two-thirds

but with very slight lateral arcuation. Prosternum with prominence low, file weak or absent; prosternal process broad and

long, more or less flattened laterally but with low longitudinal medial convexity, setose, apex bluntly pointed. Metacoxal

processes conjointly sinuate (Fig. 40); metacoxal lines deep, slightly divergent anteriorly. Metatrochanter short, ratio length
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of femur/length of trochanter about 1.5. Metafemur with longitudinal row of setae on ventral face.

Male protibia (Fig. 46) with internal basal emargination: protarsal articles 1 to 3 slightly dilated, article 1 bearing four

small elongate adhesive setae on ventral surface; protarsal claws unmodified. Aedeagus (Fig. 53) strongly and abruptly nar-

rowed towards apex.

Taxonomic notes. — Specimens of H. paiigus vary somewhat in size, color and punctation,

but I have examined too few specimens to determine if there is a pattern to this variation. J.

Balfoiir-Browne (1948) described a very similar species, H. acadianiis, from Nova Scotia. As

this species differs only slightly from H. paiigus in characters such as color, punctation and

the relative width of the eyes and pronotal bead, it may represent either a valid species or a

well defined eastern form of H. paugus.

Natural history notes. — These beetles are restricted to the forested portions of the province

where they are found in small, cold pools of water usually situated in moss carpets and shaded

by Carex. Teneral specimens were collected from August 5 to 27.

Distribution. — The known range of this species is from Massachusetts, New Hampshire

(Mt. Washington, UASM), and Quebec to British Columbia. I examined over 40 specimens

from Alberta localities (map. Fig. 350).

Hydroporiis rubyi new species

Holotype - male and Allotype female; Township 1 Range 14 E, Manitoba, July 11, 1929, J. B. Wallis [CNC] . Paratypes -

ALBERTA - Tp 27 Rge 7 W 5 (l);Tp 29 Rge 8 W 5 (l);Hwy 18, 12 mi S Swan Hills (l);Obed L (2); Forestry Trunk

Road, 53 mi N Hinton (1): MANITOBA - Tp 1 Rge 14 E (1). [CARR, CNC and UASM]

.

Diagnosis. — This species belongs to Fall’s ( 1923) H. oblitus group. The most similar species

are H. stagnalis G. & H. and H. rufiplanulus Fall. It differs from the species in that

the pronotal bead is narrow, and from the very similar eastern North American species, H.

rufiplanulus, in a number of characters (see taxonomic notes).

Description. - Measurements of four Alberta and three Manitoba specimens are: TL - 2.88 to 3.12 mm (X = 3.00 ±

0.08 mm); MW - 1.40 to 1.48 mm (X = 1.45 ± 0.03 mm); TL/MW - 2.03 to 2.17 (X = 2.07 ± 0.05).

Dorsal surface dark brown to piceous. Anterior margin of head narrowly pale; antenna pale brown or rufous except articles

3 or 4 to 11 infuscate; palpi pale except terminal article of maxillary palpus infuscate apicatly. Lateral bead of pronotum and

disc narrowly inside of bead, pale brown. Epipleuron pale to dark brown. Ventral surface of body dark brown to piceous

with proepisternum, prosternal process, apical margins of abdominal sternites and lateral portions of sterna 3 to 6, paler.

Legs pale brown to rufous.

Dorsal surface with evident, although generally finely impressed, isodiametric sculpture, deepest on head, shallower on

disc of more or less shiny pronotum and elytron. Pronotum with series of irregular coarse punctures inside basal and apical

margins; disc sparsely and finely punctate. Elytral disc with coarse punctures separated by two or more times their own

diameters, each puncture with small inconspicuous brown seta. Metasternal wing and metacoxal plate laterally with sparse

but more or less evenly scattered punctures.

Head very broad, eyes relatively small. Antenna with outer articles broad. Lateral bead of pronotum (Fig. 47) more or

less inflated, well delimited internally and of about uniform width throughout length; at widest point, about half maximum

width of one distal antennal article. Pronotum with base more or less straight laterally, medial lobe short and broad: postero-

lateral angle slightly obtuse: pronotum very convex, sides evenly rounded anteriorly, almost parallel toward base, or sides

slightly convergent behind with maximum width slightly anterior to hind angle; pronotum slightly wider at base than elytra

across humeral angles. Elytra subparallel in basal half, expanded slightly to middle then evenly rounded to apex. Prosternum

with file and prominence present; prosternal process broad, sparsely setose, broadly and smoothly convex medially, apex

bluntly pointed. Metacoxae with hind margins conjointly sinuate, lines deeply impressed, slightly divergent anteriorly. Male

protibia with internal basal emargination: pro- and mesotarsi with articles 1 to 3 slightly dilated, articles 1 each with four

small elongate brown scales beneath. Aedeagus (Fig. 54) narrow, evenly tapered toward apex.

Taxonomic notes. — Of the species included in Fall’s oblitus group, members of this species

most closely resemble those of H. rufiplanulus Fall. I have examined a male paratype of H.

rufiplanulus and although it is very similar to specimens of H. rubyi in most features, the lat-

ter differ in the following characters: body shorter and more convex; color darker, (the speci-

men of rufiplanulus is more or less evenly rufous on both dorsal and ventral surfaces); micro-

sculpture stronger; elytron with punctures finer; eyes larger; antenna with articles stouter;

pronotum with lateral bead narrower; and aedeagus slenderer, narrowing evenly from base to
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apex in dorsal view while that of nifiplamilus is parallel-sided to apex of dorsal groove then

narrowing to apex.

Etymology. — The specific epithet is based on the given name of Dr. Ruby Larson, a

geneticist with the Agriculture Canada Research Station, Lethbridge, Alberta. Her enthusiasm

and interest in many aspects of biology has been an inspiration to me as well as many other

amateur and professional biologists.

Natural history notes. - I collected two specimens of this species: one, from a small, barren,

recently dug borrow-pit; the other, from a cold, willow-ringed Carex-Sphagnum bog. The species

may be an inhabitant of Sphagnum bogs, because related species occur in this habitat.

Distribution. - This species is known from only the localities listed above. Alberta localities

are indicated in Figure 351.

Hydroporus stagnalis Gemminger and Harold, 1868

Hydroporus stagnalis Gemminger and Harold, 1868: 441. (new name for//, collaris LeConte). Wickham 1895a: 76. - Leng

1920: 79. - Zimmermann 1920: 108. ~ FaU 1923: 52. - Fall 1932: 145. - Wallis 1973: 104.

Hydroporus collaris LeConte, 1855: 297. not Hope, 1841. (Type locality — “Lake Superior”), LeConte 1863a: 16. - Crotch

1873: 395. - Sharp 1882: 483.

Hydroporus persimilis FaU, 1923, not Crotch, 1873.

Diagnosis. - This species is well separated from the two similar preceding species by the

very broad margins of the pronotum.

Description. - Measurements on two females from Tp. 31 Rge. 5 W 5, Alberta are: TL - 3.40 and 3.32 mm; MW - 1.68

and 1.68 mm; TL/MW - 2.02 and 1.98.

Body dark brown to piceous. Anterior margin of head, pronotal bead, disc of pronotum narrowly inside of bead, and

hind margin of pronotum, pale brown. Ventral surface of body testaceous to brown. Antenna testaceous with articles 3 to

11 infuscate. Palpi testaceous.

Dorsal surface with coarse isodiametric microsculpture: sculpture of sterna 2 and 3 shaUowly impressed, strongly stretched

lateraUy. Margins of pronotum and disc of elytra with scattered coarse punctures; pronotal disc and elytron basaUy with widely

separated fine punctures.

Pronotum (Fig. 48) with sides sUghtly but evenly arcuate, greatest width at or slightly ahead of hind angles; lateral bead

very broad, subequal in width to maximum width of an outer antennal article. Prosternal process elongate, broadly and even-

ly convex mediaUy, sparsely setose lateraUy, apex bluntly pointed. Elytra elongate and parallel-sided. Body more depressed

than in H. nifiplamilus. Male not seen: according to FaU (1923) male with protibia emarginate internally near base, protarsal

articles broadly expanded.

Natural history notes. — Two teneral specimens of this species were collected on August

29, 1972 from small pools which were shaded by willows and situated in moss and dense Carex

along the margin of a small cold creek.

Distribution. — Fall (1923) records//, stagnalis from Massachusetts and Rhode Island to

Wisconsin and north to Quebec and Manitoba. I have seen two Alberta specimens from the

following locality (Fig. 352): Tp. 31 Rge. 5 W 5 (6 mi SW Bergen) (UC).

Hydroporus edwardsi Wallis, 1933

Hydroporus cdwa/'c/s? WaUis, 1933: 261. (Type locaUty - Grand Coulee, Grant Co., Washington). - Hatch 1953: 204.

Diagnosis. — H. edwardsi and the two following species, H. compertus Brown and H. planiii-

sculus Fall, belong to Fall’s (1923) H. vilis group. The Alberta members of the group super-

ficially resemble the three preceding species, belonging to Fall’s oblitus group, in terms of

habitus, color and the shape of the metacoxal processes. However, they differ in that males

lack a ventral protibial emargination, the metatrochanter is very large, and the aedeagus is bi-

lobed apically. In addition, the members of the oblitus group tend to inhabit swamps and bogs

while those of the vilis group occur in sand and gravel or under detritus along the margins of

cold creeks, springs and lakes.
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Among the Alberta species of the vilis group, specimens of edwardsi can be recognized by

their small size, broad shape, more or less complete medial prosternal carina and slightly modi-

fied abdominal sternum 6 of the female.

Description. — Measurements of 30 Alberta specimens are: TL — 2.64 to 3.12 mm (X = 2.90 ± 0.10 mm); MW — 1.36

to 1.64 mm (X = 1.50 ± 0.06 mm); TL/MW - 1.87 to 1.97 (X = 1.94 ± 0.04).

Head rufopiceous to piceous except anterior margin paler, testaceous to rufous; antenna rufous, or some specimens with

articles 5 to 11 infuscate; palpi pale. Pronotum black medially, piceous towards lateral margin: anterior angle, lateral bead

and on some specimens margin inside of bead, rufous. Elytron laterally and basaUy reddish-brown, gradually darkening med-

ially and posteriorly to dark brown or piceous: epipleuron rufous at least basally, darker apically. Ventral suface largely black

or piceous. Legs rufous.

Dorsal surface with evident isodiametric microsculpture. Head with small scattered more or less inconspicuous punctures

on frons. Pronotum with margins evidently punctate, punctures medially on disc fine and sparse. Elytron strongly and more

or less evenly punctate, each puncture bearing a short inconspicuous seta: basally interspaces with very minute sparse punc-

tures. Ventral surface finely and sparsely punctate.

Body depressed. Pronotum with lateral bead well defined, narrower than basal width of antennal article 3. Prosternal

prominence represented by a low transverse ridge at base of prosternal process: file reduced or obsolete; prosternal process

convex with a narrow longitudinal ridge on at least distal half and on most specimens running entire length of process, process

laterally with few short semierect setae. Elytron with lateral margin slightly sinuate in lateral view, evidently ascending to

humeral angle. Metacoxal processes conjointly bisinuate. Metatrochanter large. Apex of sternum 6 of male evenly rounded,

of female very slightly and bluntly pointed medially, slightly deflexed. Male with articles 1 of pro- and mesotarsus each

bearing pair of large rounded adhesive scales beneath; article 2 with one pair of ventral scales. Aedeagus (Fig. 55) with apex

emarginate medially, dorsal subapical projection rounded and inconspicuous.

Taxonomic notes. — F. Young identified specimens of this species as close to edwardsi

but it is not certain that the two groups are conspecific. Members of H. pacificus Fall and

H. rossi Leech (Leech 1941a: 129) resemble members of this species in that abdominal sternum

6 of the females are slightly produced at apex. Wallis did not record sexual characters of his

specimens of edwardsi but sexual differences in this group are generally of a minor nature

and are easily overlooked.

Natural history notes. — Most specimens collected by me were under rocks along margins

of small cold springs and creeks, where the substrate was sand-clay to gravel. Teneral specimens

were collected in August.

Distribution. — This species has been recorded from Washington. Distribution in Alberta is

incompletely known. The species occurs primarily in the Rocky Mountains and adjacent foot-

hills, but also in the Cypress Hills and south of McMurray. Perhaps the species is widely dis-

tributed in the province wherever cold springs occur. I examined 52 specimens from Alberta

localities (map. Fig. 353).

Hydroporus compertus Brown, 1932

Hydroporus compertus Brown, 1932a: 4. (Holotype - Copper Mountain, B.C.; CNC type no. 3241.) Hatch 1953: 204.

Diagnosis. — This species includes the largest adults of Fall’s (1923) vilis group to be found

in Alberta. The tendency of the elytron to be bicolored and the strong elytral punctation usual-

ly separate specimens of H. compertus from those of H. planiusculus.

Description. - Measurements of 30 specimens from Waterton Lakes National Park and the Crowsnest Pass areas of Alberta

are: TL - 3.08 to 3.48 mm (X = 3.28 ± 0.11 mm); MW - 1.52 to 1.76 mm (X = 1.67 ± 0.06 mm); TL/MW - 1.90 to 2.05

(X = 1.97 ± 0.03).

Head dark rufous to brown except paler along anterior margin and anteromedially on frons; antenna rufous except at

least articles 10 and 11 lightly infuscate apically and many specimens with articles 5 to 9 also very liglitly infuscate; palpi

entirely testaceous; mentum and gula pale, ventral surface of head rufous to piceous laterally. Pronotum with disc dark brown

to piceous medially, lateral bead and disc broadly inside of bead, rufous. Elytron testaceous or pale brown on basal quarter

to half, becoming darker brown posteriorly and internally (on some specimens abruptly so) due to depigmented apical portion

of elytron: epipleuron pale basally, becoming rufous apically. Ventral surface of body largely rufopiceous to black. Legs pale

brown or rufous.

Dorsal surface with isodiametric microsculpture: meshes large and flat and more or less shiny. Head with scattered small

punctures on frons. Pronotum with row of coarse punctures inside anterior margin, disc more finely punctate. Elytron
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relatively coarsely punctate, each puncture with small seta about equal in length to diameter of puncture. Ventral surface

evidently punctate, punctures deeper and slightly denser than in H. planiiisculus adults, especially on sterna 1 and 2.

Antenna broad, outer articles noticeably thick. Pronotum with lateral bead well dehmited internally throughout length,

bead inflated, of even width or broadened slightly and evenly toward front angle and subequal in width to base of antennal

article 3; prosternal prominence small and low, without file: prosternal process flat to slightly concave medially, or some

specimens with low rounded medial longitudinal convexity best developed toward apex; lateral margins fringed with long

semierect pale setae. Metacoxal processes conjointly sinuate. Metafemur with row of ventral medial setae on apical half. Male

with ventral surface of pro- and mesotarsal articles 1 each bearing two pairs of oval adhesive scales; articles 2 each bearing

one pair. Male aedeagus as in Figure 56: apex bilobed in ventral view; subapical dorsal projection relatively low as compared

to H. planiiisculus. Female with abdominal sternum 6 unmodified apicaUy.

Natural history notes. - The Alberta distribution of this species is along the Rocky Moun-

tains and adjacent foothills. Here, the beetles are found along margins of cold springs, rivers

or alpine and subalpine lakes, usually under cover such as pieces of wood or rocks at or slight-

ly below waterline along the shore.

Distribution. — This species is western, from eastern British Columbia and western Alberta.

I examined more than 230 specimens from Alberta localities (map. Fig. 354).

Hydroporus planiusculus Fall, 1923

Hydroponis planiusculus Fall, 1923: 58. (Type locality - Mt. Adams (3500\ White Mountains, Nev/ Hampshire.) Fall 1926:

138. - Brown 1932a: 4. - Leng and Mutchler 1927: 17. - FaO 1934: 171. - Hatch 1953: 204. - Young 1953b: 117.

- Anderson 1962: 63. - Wallis 1973: 104.

Diagnosis. — Adults of this species are very similar to those of the preceding species but

differ in a tendency to smaller size, narrower and more depressed form, with color paler and

punctation of the body finer.

Description. - Measurements of 30 specimens from the Cascade River near Banff Townsite are: TL - 2.88 to 3.24 mm
(X = 3.06 ± 0.19 mm); MW - 1.36 to 1.60 mm (X = 1.47 ± 0.06 mm); TL/MW - 2.00 to 2.14 (X = 2.08 ± 0.03).

Head rufous to piceous except anterior margin testaceous; pale anterior area not prolonged posteromedially on frons;

antenna testaceous to pale rufous except articles 5 to 11 lightly infuscate apicaUy on some specimens; palpi entirely pale.

Pronotum dark rufous or brown medially, rarely piceous: lateral bead and disc broadly inside of bead, testaceous to pale

rufous. Elytron testaceous to pale brown basaUy and basolaterally; distaUy variously depigmented and more or less trans-

parent, generally darkened by underlying hind v.'ings and abdomen, but not usually abruptly darkened in apical three quarters

to half and not as dark as specimens of H. compertus. Ventral surface largely black. Legs flavous to paie rufous.

Dorsal surface with well developed isodiametric sculpture; meshes flat and shiny. Head finely and sparsely punctate. Pro-

notum with submarginal series of coarse punctures along anterior margin, otherwise more or less evenly and finely punctate.

Punctures of elytron conspicuously smaller than anterior submarginal pronotal punctures, more or less elongate in shape,

each with very small inconspicuous seta. Ventral surface finely and sparsely punctate.

Antenna with articles 5 to 1 1 relatively slender. Pronotal bead as in compertus. Prosternal prominence and file reduced

or absent. Male protarsal characters as in H. compertus. Aedeagus (Fig. 57) with apical emargination deep, subapical dorsal

projection strong: paramere with apex not prolonged. Female with sternum 6 not modified apically.

Taxonomic notes. - This species is a member of a group whose species are difficult to

identify because “each population seems to constitute a distinct or incipient species, and the

isolation of populations makes it difficult to demonstrate relationship” (Young, 1953b). The

members of this group offer few good taxonomic characters; most are qualitative and difficult

to appreciate without reference to type material. Fall (1934) placed the names//, brumalis

Brown (1930: 235), H. compertus Brown and H. falsificus Brown as junior synonyms of the

name H. planiusculus. Hatch (1953) places//, edwardsi Wallis (1933a) as an additional junior

synonym of H. planiusculus but then states that the species so defined may actually be compo-

site. Other species belonging to this group are H. vilis LeConte, //. palliatus Horn, H. malkini

Hatch, H. belfragei Sharp and H. pseudovilis Young. The group requires revision.

In Alberta H. compertus Brown, seems distinct from H. planiusculus. No one character is

sufficient to reliably separate the two, but when taken together, the differences in size, shape,

color and punctation as well as a minor difference in the form of the aedeagus usually permit

specimens to be assigned to one species or the other with a high degree of reliability especially
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when series are available.

Natural history notes. — Adults of this species are usually found under rocks deeply em-

bedded along the shorelines of cool or cold springs, creeks, lakes or spring or seepage-fed

borrow-pits, with sandy-clay to gravel bottom. Teneral specimens were collected from July

1 7 to August 23.

Distribution. - The published records, if they all refer to the same species, indicate a very

wide range, from New Hampshire to Alaska. I have seen specimens from Manitoba (Riding

Mts., UASM), British Columbia (several localities) and Yukon Territories (Mile 459, Alaska

Hwy, CARR) which I have tentatively assigned to this species. I examined more than 150

specimens from Alberta localities (map. Fig. 355).

Hydroporus columbianus Fall, 1923

Hydroponis columbianus Fall, 1923: 78. (Type locality - Golden, B.C.). Leng and Mutchler 1927: 17. - Hatch 1953: 206.

- WalUs 1973: 104.

Diagnosis. - The extremely large size (always over 5 mm in total length) and the rather

pale frons are sufficient to characterize adults of this species.

Description. - Measurements of 20 Alberta specimens are: TL - 5.32 to 6.24 mm (X = 5.75 ± 0.23 mm); MW - 2.68

to 3.20 mm (X = 2.91 ± 0.13 mm); TL/MW - 1.92 to 2.01 (X = 1.98 ± 0.03).

Head rufous except spots on frons medially to each eye (some specimens with spots narrowly confluent posteromedially)

and posterior margin of head narrowly piceous; antenna mfous with articles 2 or 3 to 11 infuscate on apical half to two-

thirds; palpi rufous except terminal article of each palpus infuscate. Pronotum piceous medially, lateral margins broadly

rufous. Elytron with epipleuron and lateral and basal margins rufous, disc gradually darkened medially and apically. Ventral

surface of body black with prostemal process, metacoxal process and posterior and lateral margins of sterna 3 to 6, rufous.

Legs rufous with basal two- thirds of each femur darkened.

Head conspicuously punctate, interspaces with isodiametric microsculpture; frontal impressions broad, shallow and more

or less circular. Dorsal surface of pronotum and elytron with numerous punctures, each puncture with elongate pale seta.

Male pronotum and elytron evidently reticulately microsculptured; meshes more or less isodiametric on pronotum slightly

transversely stretched on elytron; female with lines of sculpture dense and deeply impressed, surface dull. Metasternal wings

and sterna 1 and 2 laterally, with numerous distinct punctures; metacoxa with punctures similar in size to those of metasternal

wing but on many specimens more widely separated and shallower.

Pronotum with lateral bead well defined, of even width throughout length or slightly broader near middle. Prostemal pro-

cess low; prominence weak and poorly defined; file well developed with numerous transverse ridges. Elytral margin sinuate

and ascending to humeral angle, epipleuron disappearing behind lateral margin posterior to humeral angle. Metacoxal lines

diverging anteriorly: metacoxal processes conjointly slightly angulate.

Male with articles 1 to 3 of pro- and mesotarsi broadly dilated (Fig. 87) (female protarsus slender. Fig. 88): articles 1 each

with numerous round adhesive scales beneath; articles 2 with two to four scales along basal margin: protarsal claws equal,

anterior claw slightly broadened otherwise Little modified (Fig. 81). Aedeagus as in Figure 58.

Natural history notes. — Specimens were collected from beaver ponds, Carex marshes,

Sphagnum bogs, borrow-pits and small iron-rich springs, but no more than two or three from

one collecting site. Probably the true habitat of this species is not known and most records

indicate accidental occurrence.

Distribution. — Fall (1923) records this species from Michigan, Manitoba and British Colum-

bia. I have examined specimens from British Columbia (several localities) and Wyoming (Smoot,

CARR), and 28 specimens from Alberta localities (map. Fig. 356).

Hydroporus notabilis LeConte, 1850

Hydroporus notabilis LeConte, 1850: 216. (Type locality - Black Bay, Lake Superior.) Melsheimer 1853: 32. - LeConte

1855: 292. LeConte 1863a: 16. - Gemminger and Harold 1868: 437. - Crotch 1873: 395. - Sharp 1882: 803. - Wickham

1895a: 76. - Leng 1920: 78. - Zimmermann 1920: 95. - Fall 1923: 72. - Fall 1926: 138. - Brown 1932b: 201. -

Hatch 1953: 206. - Anderson 1962: 63. - Gordon and Post 1965: 17. - Wallis 1973: 104.

Diagnosis. — The combination of large size, dark head and distinctive male protarsal claws

make this species easily recognizable.
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Description. - Measurements of 30 Alberta specimens are: TL - 4.56 to 5.44 mm (X = 4.99 ± 0.21 mm); MW - 2.40

to 2.80 mm (X = 2.57 ± 0.1 1 mm); TL/MW - 1.86 to 2.00 (X = 1.94 ± 0.05).

Head black with following rufous: frontal margin, transverse vitta on Irons between hind angles of eyes, and on some

specimens narrow ring around each eye; antenna with article 1 testaceous to rufous, articles 2 to 11 pale basaUy, infuscate

medially and apically: palpi testaceous, terminal article of each palpus infuscate. Pronotum black with anterior angles and

lateral margins narrowly rufous to piceous. Elytron black medially, lateral margins paler, dark rufous to piceous: epipleuron

rufous. Ventral surface black with apex of metacoxal process, posterior margin of sterna 3 to 5, and apical half of sternum

6, rufous. Legs rufous to rufopiceous.

Male with dorsal surface of body rather shiny, elytron with fine isodiametric sculpture; female elytron with extremely

fine, dense sculpture, duU. Disc of pronotum and elytron with numerous punctures, each bearing long pale (white, yellow

or greenish) seta. Metasternum laterally, and sterna 1 and 2 with coarse distinct punctures, metacoxal plates with punctures

smaller and less distinct.

Sexes different in habitus: male elongate, almost parallel-sided medially: female more evenly rounded laterally: both

sexes strongly convex dorsally. Lateral bead of pronotum well defined, narrow basally and widened and distinctly inflated

anteriorly at front angle. Prosternum with file and prominence; prosternal process broad, broadly but strongly convex,

rounded medially; densely and uniformly setose. Lateral margin of elytron arcuate in lateral view behind shoulder, epipleuron

disappearing slightly posterior to humeral angle. Metacoxal process as in Ligure 41.

Male with articles 1 to 3 of pro- and mesotarsi strongly dilated (Fig. 89) (female protarsus. Fig. 90): articles 1 and 2 bearing

numerous small, rounded, adhesive scales beneath: protarsal claws (Fig. 82) elongate, strongly bent at base, more or less straight

medially and shortly arcuate at apex (anterior claw more strongly bent both at base and at apex than posterior claw). Aedeagus

and paramere as in Figure 59.

Taxonomic notes. — Fall (1923) and other subsequent authors have suggested that the species

H. arcticus Thoms, includes small northern adults of H. notabilis. The relationship between

these two is still in doubt.

Natural history notes. — This species is found throughout the province, but is much less

common on the prairies than in the forested areas. Most specimens were collected from Carex

marshes but many were in shallow warm ponds. I have not seen adults earlier in the year than

May 30, and most specimens taken during June and early July were teneral. Larvae, pupae

and newly emerged adults were found under logs around a small forest pool near Fort McKay
on June 10, 1970. Only immature stages may hibernate, perhaps the egg or partially grown

larvae. James (1970) characterized the latter.

Distribution. — The species is probably transcontinental in Canada, ranging south to Michi-

gan, Wisconsin, and Utah. If H. arcticus Thoms, is conspecific with H. notabilis, the range of

the species extends to arctic and boreal portions of the Palaearctic Region (Zaitsev, 1953). I

examined more than 450 specimens from Alberta localities (map. Fig. 357).

Hydroporus dentellus Fall, 1917

Hydroporus dentellus Fall, 1917: 181. (Type locality - Tyngsboro, Mass.) Leng 1920: 78. - Fall 1923: 68. - Hatch 1953:

206. - WaUis 1973: 104.

Diagnosis. — The elongate, posteriorly tapering body gives adults of this species a very char-

acteristic habitus. In addition, the rufous head, and toothed anterior protarsal claw of the

male, are distinctive.

Description - Measurements of 30 Alberta specimens are: TL - 4.12 to 4.32 mm (X = 4.21 ± 0.05 mm); MW - 1.96

to 2.08 mm (X = 2.04 ± 0.03 mm); TL/MW - 2.02 to 2.12 (X = 2.06 ± 0.03).

Head rufous except frons of many specimens with diffuse dark rufous or piceous spot medially to each eye; posterior

margin of head somewhat darkened: antenna rufous basally, articles 2 or 3 to 11 infuscate, at least apically: palpi rufous

except terminal article of each palpus infuscate. Pronotum with disc dark brown to piceous, paler laterally with lateral margin

of disc and bead, rufous. Elytron dark brown or piceous medially and apically, paler towards rufous lateral margin; epipleuron

rufous. Ventral surface largely black: prostemum and process, metacoxal process, sterna 2 and 3 medially, and sterna 3 to

6 apically and laterally, rufous. Legs rufous to rufopiceous.

Dorsal surface with evident microsculpture: male somewhat shiny, with meshes open; female with elytral sculpture very

dense and fine, surface duU. Elytron coarsely punctate, each puncture with pale brown seta about 1.5 as long as distance

between punctures. Ventral surface sculptured and punctate; punctures of metacoxa large, equal to or larger than those of

metasternal wing and sterna 1 and 2.

Head with frontal furrows linearly punctate, broad and shallow. Pronotum with lateral bead narrow but well defined;
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lateral margin arcuate in outline, pronotum widest at hind angles; posterolateral angle narrowly rounded, more or less right

angled: basal lobe broad, hind margin shghtly sinuate near posterolateral angles. Elytron elongate, sides subparaUel in basal

half, gradually and more or less evenly narrowing to pointed apex. Lateral margin of pronotum and elytron in form of almost

straight line in side view, epipleuron disappearing well posterior to humeral angle. Prosternal prominence low and obsolete

or almost so, file of several coarse transverse ridges. Prosternal process broad, broadly convex medially. Metacoxal processes

conjointly with posterior margin shghtly produced medially.

Male with articles 1 to 3 of pro- and mesotarsi dilated: article 1 narrower than subequal articles 2 or 3; articles 1 each

bearing two, and articles 2 each bearing one pair of large oval scales beneath: anterior protarsal claw with a large medial

ventral tooth (Fig. 83). Aedeagus as in Figure 60.

Natural history notes. — This species is in the northern forested portions of the province

where specimens are usually found among dense emergent vegetation in small, usually cold,

ponds, or in small pools in Sphagnum or Drepanocladus bogs.

Distribution. - This species ranges from the New England States to southeastern British

Columbia and north to the Mackenzie delta (Aklavik, UASM). Specimens were collected in

many localities in the forested portions of northern Alberta, and south along the eastern slope

of the Rocky Mountains to the Bow River. I examined more than 1 1 5 specimens from Alberta

localities (map. Fig. 358).

Hydroporus hockingi new species

Holotype male and allotype female - Township 37 Range 5 W of the fifth meridian, Alberta, May 13, 1973, D. & M. Larson. [CNC]

.

Paxatypes - 18 specimens from the following Alberta localities: Tp 37 R 5 W 5 ;
Jumpingpound Creek; 3 mi S Crimson

Lake. [CARR, CNC and UASM]

.

Diagnosis. — Individuals of this species look very much like diminutive specimens of H.

dentelliis in general habitus and color. However, males lack the tarsal modifications shown

by specimens of H. dentellus.

Description. - Measurements of 14 specimens collected from the vicinity of Rocky Mountain House, Alberta, are: TL -

3.00 to 3.24 mm (X = 3.12 ± 0.07 mm); MW - 1.44 to 1.60 mm (X = 1.52 ± 0.05 mm); TL/MW - 2.00 to 2.08 (X = 2.05

± 0.03).

Head light rufous except frons with vague darkened spot medially to each eye; antenna rufous except articles 2 or 3 to

11 infuscate apically; palpi rufous except terminal article of maxillary palpus infuscate apically. Pronotum with disc dark

rufous: anterior and basal margins darker, lateral margins broadly pale rufous. Elytron rufous laterally and basally, becoming

gradually darker medially and posteriorly: epipleuron rufous. Ventral surface dark rufous to piceous with prosternum and

its process, metacoxal process, abdominal sternum 2 medially, and sterna 3 to 6 posteriorly and laterally, rufous. Legs rufous.

Dorsal surface microreticulate. Head with small but evident punctures sparsely scattered over frons. Pronotum coarsely

punctate along margins, disc medially with only very small sparse punctures. Elytron coarsely and evenly punctate, each

puncture with short brown seta generally shorter in length than distance between punctures. Ventral surface coarsely punctate

and microsculptured.

Body elongate (Fig. 112), convex dorsally but slightly depressed beneath; pronotum and elytra meeting in even line; elytra

parallel-sided or very broadly rounded basally, evenly convergent toward relatively sharply pointed apex. Antenna short and

stout, articles 6 to 9 about as wide as long. Pronotum with greatest width at hind angles, hind angles almost right angled;

lateral bead narrow but clearly limited throughout length. Pronotum and elytron in side view in form of almost straight line;

epipleuron disappearing posterior to humeral angle. Prosternal prominence obsolete or at most only slightly suggested; file

evident; prosternal process angularly convex in cross section, margined laterally, setose. Metacoxal lines strongly diverging;

metacoxal processes with hind margin very shallowly sinuate inside lateral angle, slightly and bluntly angulate medially.

Male with articles 1 to 3 of pro- and mesotarsi only slightly dilated: articles 1 and 2 with two and one parrs of oval adhesive

scales beneath respectively; claws unmodified, subequal in length. Aedeagus as in Figure 61.

Taxonomic notes. — Specimens of H. hockingi are darker and smaller than those of//.

melsheimeri Fall, 1917, but otherwise fit the description of the latter. However, R. Gorden

(in litt., 1974), considers these specimens to represent a separate undescribed species.

Etymology. - The specific epithet is based on the surname of Dr. Brian Hocking, former

chairman of the Department of Entomology, University of Alberta.

Natural history notes. — Several specimens were collected from amid tufts of Carex growing

in small pools of very cold water in an extensive black spruce — Sphagnum bog west of Rocky

Mountain House. The species is common in moss mats of quaking bogs near Stauffer, Alta.



Dytiscidae of Alberta 297

Distribution. — All specimens seen by me are in the type series. Localities are indicated

in Fig. 359.

Hydroporus mannerheimi Balfour-Browne, 1944

Hydroponis mannerheimi J. Balfour-Browne, 1944; 349. (new name for//, humeralis Aube). Leech 1949a: 245. - Hatch

1953: 209. - Leech and Chandler 1956; 317.

Hydroporus humeralis Aube, 1838: 578. Not Marsham, 1802. (Type locality - “Etats-Unis d’Amerique”.) Mannerheim 1843:

222. - Melsheimer 1853; 32. - LeConte 1863a: 16. - Gemminger and Harold 1868: 434. - Crotch 1873: 394. Sharp

1882; 474. - Leng 1920: 78. - Zimmermann 1920: 88. - Fall 1923: 68. - Hatch 1933: 10.

Diagnosis. — The combination of large size, ascending elytral margin and maculate elytra

characterizes members of this species.

Description. - Measurements of 30 Alberta specimens are: TL - 4.20 to 4.72 mm (X = 4.47 ± 0.13 mm); MW - 2.04

to 2.36 mm (X - 2.22 ± 0.07 mm); TL/MW - 1.95 to 2.07 (X = 2.01 ± 0.03).

Head piceous except anterior margin and frons narrowly beside eye and medially between posterior inner angles of eyes,

rufous (palest specimens with head rufous; frons with hind margin and spot medially to each eye, piceous); antenna with

articles 1 to 2 or 3 testaceous, outer articles infuscate apically; palpi testaceous except terminal article of each palpus infuscate

on most specimens. Pronotum with disc piceous to black, anterior angle and side margin medially to lateral bead, broadly

testaceous to rufous (most specimens with pale lateral areas sharply delimited from darker medial portion of disc); basal

margin narrowly black, even laterally towards posterolateral angle. Elytron piceous to black except testaceous to rufous

marks; humeral angle testaceous with pale area on most specimens extended obliquely onto disc in form of distinct baso-

medial band not extended to either basal or sutural margin; lateral margin pale on at least basal two-thirds; disc with lateral

spot just anterior to middle and on most specimens continuous with pale lateral margin, sublateral spot just behind middle

isolated or not, and small rounded subapical spot (on some specimens this pattern may be reduced); epipleuron testaceous

to dark rufous, paler basally. Ventral surface black with prosternal process, metacoxal process, sternum 2 medially and sterna

3 to 6 posteriorly and laterally, rufous to piceous. Legs rufous with base of femur and tarsi infuscate.

Dorsal surface of head and pronotum with fine isodiametric sculpture, less deeply impressed on male than on female, male

more shiny; male elytron with evident meshes, on some specimens somewhat stretched transversely; female elytron very finely

and densely sculptured, dull and opaque. Disc of pronotum and elytron with long pale setae. Metasternal wing and lateral

portions of sterna 1 and 2, coarsely punctate; metacoxal wings relatively shallowly punctate.

Pronotum various in shape: most specimens with maximum width slightly in front of posterolateral angles, posterolateral

angles broadly rounded and obtuse hence lateral outline of pronotum and elytron discontinuous: lateral bead of pronotum

narrow, indistinctly defined and on many specimens traceable only near anterolateral angles. Prosternum with prominence

and file; prosternal process broad, evenly convex to broadly angulate medially, apex broadly pointed. Lateral margin of

elytron strongly ascendent to humeral angle (Fig. Ill), epipleuron visible to, or almost to, base. Metacoxal lines slightly

diverging anteriorly; metacoxal processes with hind margin truncate or slightly produced medially.

Male with articles 1 to 3 of pro- and mesotarsus dilated (Fig. 91), articles 2 and 3 subequal in width, slightly broader than

article 1; articles 1 each bearing 2 pairs of elongate scales beneath, articles 2 lacking such scales; anterior pro tarsal claw shghtly

broader and more arcuate apicaUy than posterior claw. Aedeagus as in Figure 62.

Natural history notes. — Leech ( 1 949a) states that H. mannerheimi is typically a species of

streams and rivers. However, in Alberta very few specimens were in running water, and these

in pond-like situations such as beaver dams. Most specimens were collected from shallow, bare

rocky shorelines of subalpine lakes or from open Carex stands along margins of cool, clear water,

beaver ponds. Teneral specimens were collected from July 7 to August 9, the majority toward

the end of July.

Distribution. — H. mannerheimi is known from northwestern California to Alaska, and east

to western and north central Alberta. I examined more than 170 specimens from Alberta

localities (map. Fig. 360).

Hydroporus tademus Leech, 1 949

Hydroporus tademus Leech, 1949a: 243. (Type locality — Vernon, B.C.; Holotype - (5, CAS no. 6151.) Hatch 1953: 209.

- Leech and Chandler 1956: 317.

Diagnosis. — Adults of this species differ from those of H. mannerheimi as follows: the body

is more robust and color is darker with the pronotum more uniformly reddish and elytral macu-

lations reduced. Additionally, there are differences in the shape of the protarsus and aedeagus.
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Description. - (based on Leech’s original description.) Measurements of 18 Alberta specimens are: XL - 4.28 to 4.72 mm
(X = 4.56 ±0.12 mm); M\V - 2.20 to 2.40 mm (X = 2.33 ± 0.06 mm); TL/MW - 1.91 to 2.03 (X = 1.96 ± 0.03).

Head dark rufous except frons with area medially to each eye (these areas may be isolated, or continuous medially and

extended anteriorly to level of base of clypeus) and laterally behind eye, piceous; antenna with articles 1 and 2 testaceous,

articles 3 to 1 1 piceous except at least base of each article testaceous; palpi testaceous except terminal article of each palpus

infuscate apically. Pronotum with disc dark rufous to piceous medially, gradually paler toward lateral margins; pale areas

near lateral margin not definitely limited internally. Elytron piceous, except humeral angle, pale narrow marginal band on basal half,

and subapical spot; epipleuron pale brown. Ventral surface piceous to black: prostemal process, apex of metacoxal process and

sterna 3 to 6 posteriorly and laterally, rufous to piceous. Legs pale brown to rufous, with femora infuscate basally.

Sculpture similar to that of mannerheimi adults: lines of microsculpture somewhat shallower on disc of elytron. Setae of

pronotum and elytron pale.

Body more robust than mannerheimi, dorsal surface more convex: elytra more broadly rounded laterally with maximum

width at or just behind middle. Pronotum broader, lateral margin more arcuate than in mannerheimi: hind angle rounded

and obtuse, pronotum widest just anterior to posterolateral angles: lateral bead narrow, well delimited on anterior half to

two-thirds, becoming obsolete towards hind angle. Prostemal prominence and file well developed: prostemal process broadly

subangularly convex, lateral margins sparsely setose. Elytron with lateral margin strongly ascendent, as in mannerheimi.

Male with articles 1 to 3 of pro- and mesotarsi dilated, articles 1 each bearing two pairs of elongate scales beneath: pro-

tarsus (Fig. 92) differing from that of mannerheimi in being slightly narrower, article 2 asymmetrical, and article 3 in both

sexes more parallel- sided than in mannerheimi. Aedeagus (Fig. 63) narrower, apex more sharply pointed than in mannerheimi.

Taxonomic notes. — Although the species//, tadenius is largely sympatric in distribution

with the very closely related, widespread species, mannerheimi. Leech (1949a) states that

the two occupy somewhat different habitats. Leech regards H. tademiis as a species of ponds

and lakes while H. mannerheimi occupies flowing water. In Alberta, where H. tadenius is

largely absent, H. mannerheimi is most frequently found in still water.

Natural history notes. — Specimens of H. tademus were collected from amid sparse Carex

along the margin of a beaver dam in clear and cold water, and a bottom of largely bare organic

silt or waterlogged plant debris.

Distribution. - This species has been recorded from northern California to southern British

Columbia, and is known in Alberta from the headwaters of the Castle River. I have examined

18 specimens from Alberta localities (map. Fig. 361).

Hydroporus signatus Mannerheim, 1853

Hydroporus signatus Mannerheim, 1853: 161. (Type locality - Kodiak Island, Alaska.) - LeConte 1863a: 16. - Gemminger

and Harold 1868: 441. — Crotch 1873: 394. — Wickham 1895a: 76. - Zimmermann 1920: 102. - Leng 1920: 78. — Fall

1923: 87. - Brown 1930b: 236. - Leech 1948a: 95. - Hatch 1953: 208. - WaUis 1973: 105.

Hydroporus niger Sharp, 1882, not Say, 1825.

Hydroporus inornatus Sharp, 1882: 478. (Type locality - Massachusetts.) - Leng 1920: 78. - Zimmermann 1920: 88. -

Fall 1923: 128.

Diagnosis. — The maculate elytron of most Alberta specimens coupled with the straight

lateral margin of the elytron, are characteristic for this species. In addition, the modified pro-

tarsal claw and medially constricted aedeagus permit males to be readily identified.

Description. — Measurements of 11 Alberta specimens are: TL — 3.48 to 3.72 mm (X = 3.57 ± 0.07 mm); MW — 1.76

to 1.88 mm (X = 1.80 ± 0.04 mm); TL/MW - 1.92 to 2.02 (X = 1.98 ± 0.03).

Head dark brown to piceous except anterior margin of clypeus and frons above base of antenna, rufous and frons medially,

between posterior margin of eyes, with a transverse pale mark; antenna with basal articles pale beneath, articles 2 or 3 to 11

infuscate; palpi pale with terminal article of each palpus infuscate apically. Pronotum with disc black medially, paler laterally;

anterolateral angles and lateral margin rufous. Elytron various in color, from piceous medially and rufous toward lateral and

basal margins, to distinctly maculate with lateral margin pale basally and oblique subhumeral fascia, antimedian fascia con-

nected with lateral margin, an isolated postmedial spot, and subapical spot (this basic pattern may be variously reduced).

Ventral surface mainly black with prostemal process, metacoxal process apically, and abdominal sterna 3 to 6 apically and

laterally, rufous. Legs rufous with tarsi, tibia externally, and base of metafemur infuscate on most specimens.

Dorsal surface with evident microsculpture: some males with lines very shallow on disc of pronotum and elytron, body

rather shiny. Head with small irregularly scattered punctures on frons. Pronotum with punctures small and dense toward

margins, smaller and sparser medially on disc (laterally punctures of many specimens situated in shallow longitudinal grooves).

Elytron evenly and conspicuously punctate. Pronotum and elytron with conspicuous pale setae. Abdominal sterna with

microsculpture of shallow lines,obvious meshes not formed.
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Head and pronotum broad, pronotum evenly rounded laterally and more or less continuous in outline with lateral margin

of elytra. Prosternal prominence and file well developed; process broad, subangularly convex in cross-section. Lateral bead

of pronotum well defined. Elytral margin more or less straight, not conspicuously ascendent in lateral view; epipleuron evi-

dent well behind humeral angle. Metacoxal processes together very broadly and slightly angulate medially.

Male with articles 1 to 3 of pro- and mesotarsi strongly dilated: articles 2 and 3 broader than 1: articles 1 each with two

pairs, and articles 2 each with one pair of large rounded adhesive scales on ventral surface. Anterior protarsal claw (Fig. 84)

strongly arcuate basaUy, ventral margin sinuate and apex shortly arcuate. Aedeagus constricted medially in ventral view

(Fig. 64).

Taxonomic notes. — Fall (1923) placed the name H. inornatiis Sharp as a junior synonym

of the name H. signatus Mannerheim. Leech (1948) reported that Sharp’s H. niger was actually

H. signatus, and suggests that H. niger Say, H. nifilabris Sharp and H. signatus form a natural

group, a conclusion borne out by resemblances between the species in the male genitalia and

protarsal characters.

Natural history notes. — Specimens were collected from Carex marshes. Sphagnum bogs

and from among flooded grasses in a roadside pond. A very teneral male was collected on July

17 near the southern border of the Northwest Territories.

Distribution. — This species is widely distributed from Newfoundland to Alaska and south

to Alabama and Kansas. The species is uncommon and sporadic in occurrence in the northern

forested portions of Alberta. 1 examined 14 specimens from Alberta localities (map. Fig. 362).

Hydroporus appalaehius Sherman, 1913

Hydroporus appalachius Sherman, 1913: 53. (New name for//, signatus Sharp, 1882). — Carr 1920: 4. - Feng 1920: 78.

- FaU 1923:. 89. - Hatch 1953: 208. - WaUis 1973: 105.

Hydroporus signatus Sharp, 1882: 469. (Type locality - Hermit Lake, Mt. Washington, New Hampshire.) Not Mannerheim,

1853.

Hydroporus occidentalis Gordon and Post, 1965, not Sharp, 1882.

Diagnosis. - Specimens with the well developed elytral maculations are distinctive and can

only be confused with specimens of H. signatus Mannerheim and H. mannerheimi Balfour-

Browne. They differ from H. signatus in being narrower with the male protarsal claw not

modified. Specimens of H. mannerheimi are much larger than are specimens of H. appalachius.

Specimens on which the elytral maculations are reduced are much more difficult to identify

and are best recognized on the basis of the characters presented in the key to species.

Description. - Measurements of 4U specimens from southeastern Alberta, are: TL - 3.12 to 3.64 mm (X = 3.38 ± 0.14

mm); MW - 1.48 to 1.80 mm (X = 1.65 ± 0.08 mm); TL/MW - 1.98 to 2.13 (X = 2.05 ± 0.04).

Head dark brown or piceous (some specimens, black), except narrow transverse rufous vitta between eyes; anterior margin

broadly rufous gradually darkened behind; antenna with articles 1 to 3 testaceous, outer articles testaceous to rufous basally,

broadly infuscate apicaUy; palpi testaceous, terminal article of each palpus infuscate apically. Pronotum with disc piceous to

black (dark brown on occasional specimens), anterior angle and lateral margins broadly rufous to pale piceous (on darkest

specimens only anterior angle noticeably paler). Elytron with disc dark brown or piceous, rarely black: most specimens with

disc distinctly maculate, pattern as in Figure 109: extent of elytral maculation varied through reduction in extent of pate

areas but even darkest individuals with humeral angle pale; epipleuron dark rufous, rarely piceous. Ventral surface black with

prothorax laterally, prosternal process, metasternum and metacoxa along medial line, sternum 2 medially, and sterna 3 to 6

posteriorly and laterally, dark rufous or piceous. Legs rufous with femora basally, tibia apically and tarsi, infuscate.

Dorsal surface with evident microsculpture: meshes transverse on head behind eye, Unes shallow medially on disc of pro-

notum, otherwise sculpture well impressed and isodiametric: similar for both sexes. Disc of pronotum and elytron with

punctures, each bearing long pale seta: punctures on pronotum smaller and sparser medially on disc; elytral punctation deep,

evenly spaced. Metacoxal plates evenly punctate, punctures smaller than largest punctures on either metasternal wings or

sterna 1 and 2.

Body elongate-oval, with greatest width behind middle; somewhat depressed. Antenna slender, article 5 relatively little

dilated apically. Pronotum (Fig. 103) broad, maximum width at hind angles: sides gradually and evenly rounded, not so

strongly broadened in front as in//, occidentalis Sharp. Prosternal file and prominence. Metacoxal hnes slightly divergent

or on some specimens more or less parallel anteriorly. Lateral elytral-pronotal angle very broad, elytron with lateral margin

slightly arcuate; epipleuron disappearing behind side margin posterior to humeral angle.

Male with articles 1 to 3 of pro- and mesotarsi shghtly dilated: articles 1 each bearing two pairs, articles 2 each bearing

one pair of oval adhesive scales on ventral surface. Protarsal claws unmodified. Aedeagus as in Figure 65.
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Taxonomic notes. — Dark specimens of H. appalachius are very similar to specimens of H.

occidentalis, differing primarily by being slightly larger, with antenna slenderer and thorax

narrower. However, these characters exhibit variation and certain specimens must be arbitrarily

placed in one species or the other. In spite of this, two species are recognized here for the

following reasons: a) the vast majority of specimens can be confidently assigned to one species

or the other; b) the two forms are largely allopatric with the eastern H. appalachius occupying

prairie and parkland areas of Alberta and the western H. occidentalis occurring principally

in the mountains and foothills; c) the two forms occupy somewhat different habitats — hence

in southwestern Alberta where both are in the same general area, they are seldom found in

the same habitat.

Natural history notes. — This species is most commonly found in small prairie or parkland

streams, both in permanent creeks, and, more often, in pools in intermittent creeks. Specimens are

occasionally found in borrow-pits or small ponds, but usually only when these are fed by, at j

least, a temporary stream. 1 collected teneral specimens in early August.
|

Distribution. — This species ranges from New England to Alberta and eastern British Colum-
i

bia, and north to Aklavik, N.W.T. (Bryant, UASM). I examined 210 specimens from Alberta
j

localities (map. Fig. 363). :

i

\

Hydroporiis occidentalis 1882

Hydroponis occidentalis Sharp, 1882: 456. (Type locality — “Lake Labache, British Columbia” = Lac LaHache?). Leng 1920:

78. - Zimmermann 1920: 96. - Fall 1923: 90. - Hatch 1953: 208. - Leech and Chandler 1956: 317. - Anderson 1962:

62. !,

Diagnosis. — The members of this species resemble small dark specimens of H. appalachius

from which they are best separated on the basis of characters presented in the key to species.

Description. — Measurements of 40 specimens from selected localities between Banff and Waterton National Parks, are:

TL-2.96 to 3.36 mm (X = 3.18 ± 0.09 mm); MW - 1.44 to 1.68 mm (X = 1.57 ± 0.06 mm);TL/MW - 1.95 to 2.10
j

(X = 2.03 ± 0.03).
I

Body black. Head anterior margin dark rufous to piceous, and with transverse spot on frons between hind margins of eyes,
|

rufous; antenna with articles 1 to 2 or 3 testaceous, outer articles largely piceous; palpi pale except terminal article of each i

palpus piceous apically. Pronotum black except anterior angles and on some specimens also lateral margins, dark rufous or
|

piceous. Elytron black except humeral angles on most specimens, dark rufous to piceous, rarely specimens with humeral

angle entirely black: some specimens with lateral margin pale on basal half, with humeral and antimedian spots extended

shortly on disc, also post-medial and subapical spots on some specimens; epipleuron piceous. Ventral surface of body black
j

with prosternal process and apex of metacoxal process, vaguely rufous; sterna 3 to 6 piceous along posterior margin, rarely

with more expanded pale areas. Legs dark rufous; femora medially, tibiae apically and tarsi infuscate.
I

Dorsal surface with coarse isodiametric microsculpture, similar for both sexes. Punctation as in H. appalachius but slightly
;

deeper on elytron. Setae of pronotum and elytra dark, piceous, shorter than H. appalachius and about equal in length or
j

slightly longer than distance between elytral punctures. Metasternal wing, metacoxa and abdominal sterna 1 and 2 with evenly
|

situated coarse punctures.
;

Habitus more robust than H. appalachius, Pronotum broad (Fig. 104), sides broadly and evenly rounded anteriorly, more
;

strongly so than H. appalachius, more or less parallel behind; posterolateral angle slightly obtuse. Elytron basally with side slightly

rounded laterally or almost parallel, greatest width at or just behind middle. Body more depressed than in H. appalachius.

Antennal articles stout; article 2 stout and oval, with greatest width near middle; article 5 more strongly dilated apically, more
^

definitely triangular in lateral view than corresponding article of//, appalachius. Lateral bead of pronotum narrow but trace-

able. Elytron with lateral margin slightly ascendent to humeral angle; epipleuron disappearing posterior to humeral angle.

Metacoxal processes with posterior margin slightly produced along mid-line. Aedeagus as in Figure 66.

Taxonomic notes. - See discussion under H. appalachius.

Natural history notes. — This is the most abundantly represented species of Hydroponis in ,

small, cold, silt-bottomed alpine pools. At lower elevations, specimens are usually taken from
I

small cold springs among emergent vegetation where the bottom is soft black organic silt. I
'

collected teneral specimens on August 9, 1970 (Jasper National Park).
I

Distribution. — Although Wallis (1973) and Gordon and Post (1965) recorded H. occidentalis

from the eastern portions of the prairies, their records almost certainly refer to dark specimens
'



Dytiscidae of Alberta 301

of H. appalachius. This species is probably confined to the western mountains, from California

and Utah north to at least British Columbia and western Alberta. I examined more than 250

specimens from Alberta localities (map, Fig. 364).

Hydroponis fiiscipennis Schaum, 1868

Hydroporus fuscipennis Schaum, 1868; 64. (Type locality - unknown, type in Zoological Museum of the Bavarian State,

Munich, Germany.) - Zimmermann 1919: 176. - Carr 1920: 4. - Leng 1920: 78. - Fall 1923: 93. - Brown 1930b:

236. - Brown 1932b: 201. - Hatch 1953: 208. Zaitsev 1953: 166. Anderson 1962: 63. - Gordon and Post 1965: 18.

- Wallis 1973: 105.

Hydroporus piiberulus Mannerheim, 1853: 163. (Type locahty - “Ad ostia fl. Kaktnu peninsulae Kenae” (Alaska), not

H. puberulus LeConte, 1850.

Diagnosis. — The obsolete microsculpture of much of the dorsal and ventral surfaces of the

body separates specimens of H. fuscipennis from all other dark Alberta species of Hydroporus

except H. criniticoxis. Specimens of H. fuscipennis tend to be narrower and paler in color

than those of H. criniticoxis and in addition males lack the secondary sexual characters of

H. criniticoxis.

Description. - Measurements of 30 specimens from central Alberta are: TL - 2.96 to 3.32 mm (X =3.11 ± 0.09 mm);

MW - 1.48 to 1.68 mm (X = 1.57 ± 0.05 mm); TL/MW - 1.90 to 2.08 (X = 1.98 ± 0.04).

Head piceous to black except Irons with transverse rufous fascia between hind margins of eyes and anterior margin of

clypeus rufous, pale area on most specimens prolonged medially onto frons; antenna with article 1 testaceous, articles 2 to

4 infuscate apically and articles 5 to 11 largely piceous: palpi testaceous except terminal article of each palpus infuscate.

Pronotum piceous medially, lateral margins broadly rufous. Elytron with epipleuron and lateral margins pale brown, darker

brown to piceous medially and apically. Ventral surface black with prosternal process, metacoxal process, posterior margins

of sterna 3 to 6 and sterna laterally of some specimens, rufous to piceous. Legs pale brown to rufous.

Head evenly reticulate; disc of pronotum with microsculpture obsolete medially, evident laterally; disc of elytron with

sculpture reduced, evident on only apical half to third on most specimens (few females with entire disc lightly sculptured);

metacoxal plates and abdominal sterna smooth and poUshed, microsculpture absent or obsolete. Punctation of body coarse,

pronotum with punctures deepest and densest marginally, but discal punctures only slightly smaller and sparser; punctures

of sternum 6 subequal to those of sterna 1 and 2. Pronotum and elytra with long golden or brown setae, each about twice

as long as distance between punctures.

Pronotum with sides slightly arcuate, more or less evenly broadened behind and almost continuous in outline with lateral

margin of elytron; greatest width of pronotum at hind angles; hind angles more or less right angled; lateral bead well defined.

Prosternal prominence absent or reduced, file reduced. Metacoxal processes together, sUghtly angulate medially or truncate;

intrahnear space of both sexes with evident scattered punctures, punctures each with moderately long decumbent pale seta.

Male articles 1 to 3 of pro- and mesotarsi slightly dilated: articles 1 each bearing two pairs of small oval scales beneath,

articles 2 each bearing one pair; protarsal claws with slight suggestion of basal arcuation, anterior claw very shghtly broader

and more arcuate basaUy than posterior. Aedeagus as in Figure 67.

Natural history notes. — This species is commonly represented in shallow water of Carex

marshes throughout forest and parkland regions of the province. Most prairie records are for

single specimens.

Distribution. — This species is Holarctic, ranging from northern and central Europe to Siberia

(Zaitsev, 1953) and from Alaska to New England, and south to Utah and North Dakota. How-

ever, many specimens of H. criniticoxis have been misidentified as H. fuscipennis

,

and many
of the more southern records may actually be based on H. criniticoxis specimens. I have seen

specimens of H. fuscipennis from the Northwest Territories (Aklavik, UASM) and Yukon Ter-

ritory (Mayo, CARR). I examined more than 230 specimens from Alberta localities (map.

Fig. 365).

Hydroporus criniticoxis new species

Holotype male and Allotype, female - 0.5 mi E Brownvale, Alta., July 18, 1970, D. & M. Larson. [CNC.] Paratypes - 90

specimens from localities in the Peace River area of Alberta: 7 mi N Peace R. (21); 5 mi N Grimshaw (14); 0.5 mi E

Brownvale (35); 10 mi N Rycroft (20). [CARR, CAS, CNC, UASM, USNM]

Diagnosis. - On specimens of this species, like those of H. fuscipennis, the microsculpture
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of the dorsal surface is greatly reduced, and pronotal disc, disc of elytra, metacoxal plates,

and abdominal sterna are shiny. Females of the two species are similar, with specimens of

criniticoxis darker in color and broader in outline. However, males of criniticoxis possess

the following distinctive characters: anterior protarsal claw strongly arcuate basally, articles

1 of pro- and mesotarsi possess more than two pairs of oval adhesive scales beneath; and intra-

linear space of metacoxa densely setose with short, suberect brown setae.

Description. — Measurements of 30 paratypes are: TL - 2.92 to 3.48 mm (X = 3.27 ±0.12 mm); MW - 1.40 to 1.76 mm
(X = 1.63 ± 0.07 mm); TL/MW - 1.93 to 2.09 (X = 2.00 ± 0.04).

Head black except Irons with vague dark rufous transverse vitta between eyes, anterior margin dark rufous or piceous,

pale area of anterior margin of clypeus not prolonged medially onto frons; antenna with articles 1 to 4 testaceous, outer

articles piceous apically; palpi pale except terminal article of each palpus infuscate apically. Pronotum black except lateral

margin narrowly piceous. Elytron piceous or black, or rarely, specimen with elytra dark rufous; epipleuron dark rufous to

black. Ventral surface black; apex of metacoxal process and hind margin of sterna 3 to 6, piceous. Legs rufous to piceous.

Head with isodiametric microsculpture. Pronotum with disc medially, smooth and shiny between punctures, microsculpture

obsolete; laterally, toward margin, sculpture evident. Elytron of males and most females basomedially devoid of microsculpture;

evident reticulation present towards apex (rarely female with entire surface reticulate). Metacoxal plate and sterna with micro-

sculpture obsolete. Disc of pronotum and elytron setose; setae pale grey to dark brown in color, each about twice as long

as distance between elytral punctures. Pronotum laterally with coarse dense punctation, punctures smaller and sparser medially

on disc. Elytron coarsely punctate. Metacoxal plates and abdominal sterna coarsely punctate.

Pronotum with lateral margin evenly arcuate, with greatest width at hind angles: base of pronotum about as wide as elytra

across base: lateral bead well developed and clearly delimited internally. Prosternal file and prominence evident. Metacoxal

hnes only slightly divergent anteriorly; metacoxal processes together with hind margin truncate or very slightly angulate.

Male with articles 1 to 3 of pro- and mesotarsi slightly dilated: articles 1 each bearing four to five, and articles 2 each

bearing one to two pairs of small oval scales on ventral surface: anterior protarsal claw strongly arcuate basally. Metacoxae

with intralinear space densely covered with suberect golden or pale brown setae. Aedeagus as in Figure 68.

Taxonomic notes. — This species and H. fuscipennis may be closely related, for in addition

to many other similarities, males of fuscipennis show a tendency towards having the base of

the anterior protarsal claws arcuate. Males of H. polaris Fall possess a similar form of male

protarsal claw and the densely setose interlineal area of the metacoxa, but are very coarsely

sculptured.

Etymology. - The specific epithet is derived from the latin adjective criniti, meaning bearded,

and the latin noun coxa, meaning hip. This name refers to the densely setose intralinear area

of the male metacoxae.

Natural history notes. — Specimens of H. criniticoxis are found in vegetation-choked waters

around the margins of ponds, both permanent and temporary. Specimens are most commonly

found in the parkland and mixed forest regions, but have been collected from almost all areas

in the province. Teneral specimens were collected from June 4 to 7, and August 1 7. Specimens

were collected in flight (May 30, 1972) and at light (Ft. Garry, Manitoba, July 4, 1956, UASM).

Distribution. ~ The distribution is incompletely known and is probably much wider than is

indicated here. I examined 401 specimens from the following localities (Fig. 366).

ALBERTA: Aden (CARR); Jet. Hwy. 62 & Shanks Creek; Jet. Hwy. 62 & Milk R; 18 & 6 mi S Magrath; 8 mi S Cardston;

5 mi W Spring Coulee; 15 mi SE Lethbridge; 10 mi S Lethbridge; 10 mi W Lethbridge; 2 mi S Beauvis L: 3 mi N Beauvis L;

4 mi N Lundbreek; Manyberries (CARR); Cypress Hills (CARR); Tp. 8 Rge. 2 W 4; 14 mi S Irvine; 6 mi W Redeliff; Empress

(Brooks, CNC); 6 mi N Aeadia Valley; Lanfme; 2 mi N Jenner; Blood Indian Reservoir; 1 & 20 mi E Hussar; Hussar (CARR);

Tp. 24 Rge. 22 W 4; 5 mi N Standard; Jet. Hwys. 23 & 24; Tp. 21 Rge. 25 W 5 (CARR); Cheadle; Calgary (CARR); 8 mi NW
Calgary; 2 mi S Big HiU Springs; Coehrane (CARR); 1 mi S Longview; Sheep R. (CARR); Tp. 24 Rge. 8 W 5 (CARR); Forestry

Trunk Rd., 21 mi N Hwy lA; Waiparous (CARR); Tp. 29 Rge. 5 W 5 (CARR); Tp. 29 Rge. 4 W 5 (CARR); Sundre (CARR);

Tp. 33 Rge. 2 W 5 (CARR); Sylvan L (CARR); 9 mi N Troehu; 7.8 mi N Morin; Tp. 29 Rge. 22 W 4 (CARR); 24 mi N Consort;

7 mi E Donalda; 2 mi S Daysland; Roeky Mtn. House; Nordegg; Jet. Forestry Trunk Road and Blaekstone R; Drayton Valley

(CARR); Edmonton (F. Carr, UASM); Andrew (F. Carr, UASM); 20 mi W Cold L; 2 mi W Iron R; 5 mi E La Corey; 1 mi

N Plamondon; 42 mi S MeMurray; MeMurray (Brown, CNC); 4 mi S Ft. MeKay; Athabasea (CARR); 2 mi S Lawrenee L;

10 mi E Smith: 7 mi N Ft. Assiniboine; 12 mi S Swan HiUs; 14 mi S Kinuso; Slave L (CARR); Jasper NtT Park, 5 mi N Jasper;

Fickle L; 6.5 mi N Edson; 6 mi N Peers; Valleyview (Brooks, CNC); 3 mi E Valleyview; 8 mi SW Triangle; 2 mi S Grouard;

26 & 31 mi N Gift L; Forestry Trunk Road 22 & 7 mi S Hwy. 34; Grande Prairie (CARR); 29 & 4.5 mi S Ryeroft; 6 mi W
Spirit R; 10 mi N Ryeroft; Vz mi E Brownvale; 7 mi N Peaee R; 5 mi N Grimshaw; 5 mi N Dixonville; 18 mi S Manning; 15

6 23 mi N Manning; 4 mi S High Level; 2 mi N Jet. Hwy. 35 & Hay R; 2 mi S Indian Cabins; Hwy. 35, 5.6 mi S Alta. - N.W.T.

border.
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BRITISH COLUMBIA: Pouce Coupe (CARR).

MANITOBA: Aweme (Wallis, UASM); Ft. Gany (Comma, UASM); Onah (Wallis, UASM); Thornhill (UASM).

ONTARIO: Prince Edward Co. (Brimley, CARR).

UTAH: Wasatch Forest (CARR).

Hydroporus rufinasus Mannerheim, 1852

Hydropoms rufinasus Mannerheim, 1852: 305. (Type locality - Sitka Island, Alaska.) LeConte 1863a: 16. - Gemminger

and Harold 1868: 440. - Sharp 1882: 908. - Leng 1920: 78. - Zimmermann 1920: 101. - Fall 1923: 96. - Wallis

1973: 106.

Diagnosis. — Small size, bright rufous anteromedial triangularly-shaped area of the frons

and relatively broadly rounded hind angles of the pronotum, make this one of the more dis-

tinctive species of Hydroporus.

Description. - Measurements of 30 specimens from selected Alberta localities are: TL — 2.88 to 3.20 mm (X = 3.03 ±

0.09 mm); MW - 1.36 to 1.52 mm (X = 1.45 ± 0.04 mm); TL/MW - 2.03 to 2.18 (X - 2.09 ± 0.04).

Head dark piceous to black except clypeus rufous, frons between anterior lateral impressions with bright rufous triangular-

ly-shaped area, and between eyes with rufous transverse vitta; antenna with articles 1 and 2 rufous, articles 3 to 1 1 piceous

with base of most articles pale; palpi pale, terminal article of each palpus infuscate apically. Pronotum black except lateral

margin piceous. Elytron rufous or brownish basally and laterally, to piceous medially and apically; epipleuron rufous. Ventral

surface mainly black. Legs rufous with base of metafemur, tibia apically and tarsi darkened.

Dorsal surface with evident isodiametric sculpture, more deeply impressed and more or less granular on some females.

Disc of pronotum and elytron punctate, each puncture with long pale seta slightly longer than distance between punctures.

Antenna moderately elongate. Pronotum with sides evenly rounded throughout length, maximum width anterior to

broadly rounded, obtuse hind angles; lateral bead very narrow, well delimited along anterior half but obsolete posteriorly.

Pronotum and elytron discontinuous in outline in dorsal view (Fig. 113). Prosternal prominence and file obsolete; prosternum

flat medially. Lateral margin of elytron strongly ascendent toward humeral angle; epipleuron visible to humeral angle. Meta-

coxal processes truncate behind or very slightly produced medially.

Male with articles 1 to 3 of pro- and mesotarsi dilated; articles 2 slightly broader than 1, articles 3 symmetrical and shorter

than that of//, tristis; articles 1 each with two pairs, and articles 2 each with one pair of rounded adhesive scales beneath;

protarsal claws unmodified. Mesotibia with inner margin arcuate. Aedeagus simple, evenly narrowed to apex.

Natural history notes. - This species is found in Carex and Sphagnum marshes throughout

the forested northern portions of the province. The insects usually are in very small pools of

water surrounded by, or more or less filled with, moss or dense emergent vegetation. Teneral

specimens were collected from May 5 to August 13.

Distribution. — Fall (1923) recorded this species from Manitoba, Alberta and Alaska. I ex-

amined 127 specimens from Alberta localities (map. Fig. 367).

Hydroporus glabriusculus Aube, 1836

Hydroporus glabriusculus Aube, 1836: 312. (Type locality - “Laponie”)- Leng 1920: 78. - Zimmermann 1920: 87. - Fall

1923: 95. - Brown 1937: 109. - Hatch 1953: 209. - Zaitsev 1953: 156. - Wallis 1973: 105.

Hydroporus puberulus LeConte, 1850: 215. (Type locality - Lake Superior.). — Melsheimer 1853: 32. - LeConte

1855: 292. - LeConte 1863a: 16. - Gemminger and Harold 1868: 439. - Sharp 1882: 807. (Old World synonymy

omitted.)

Diagnosis. — Small dark adults with the following characteristics: pronotum with lateral

margin rounded, maximum width anterior to hind angles; lateral margin of elytron ascending,

epipleuron visible to or almost to humeral angle: elytron rounded laterally; greatest width at

about middle.

Description. - Measurements of 30 Alberta specimens are: TL - 2.88 to 3.16 mm (X = 3.02 ± 0.08 mm); MW - 1.40 to

1.56 mm (X = 1.48 ± 0.04 mm); TL/MW - 2.00 to 2.13 (X = 2.04 ± 0.03).

Head black except frontal bar and anterior margin of clypeus, rufous; antenna with basal two to five articles testaceous,

articles 7 to 11 entirely piceous or pale at base; palpi testaceous except terminal article of each palpus almost entirely piceous.

Pronotum black except anterior angle and lateral margin of some specimens, narrowly piceous. Elytron piceous to black or

many specimens with lateral and apical portions of disc faintly rufinescent or piceous. Ventral surface mainly black. Pro- and

mesofemora pale rufous and on most specimens noticeably paler than rufous tibiae and tarsi.

Dorsal surface with reticulate microsculpture. Meshes of elytron flat, relatively large and somewhat irregular in size and
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shape; males somewhat shiny; females with lines more deeply impressed, duller. Head with scattered small but deep punctures.

Pronotum coarsely punctate marginally, punctures medially on disc subequal to lateral punctures but much sparser. Elytron

with widely spaced, small, deep punctures, separated by about two or more times their own diameters. Each puncture of

pronotum and elytron with long slender pale conspicuous seta, about 1.5 as long as distance between elytral punctures. Meta-

coxal plates with sparse deep punctures, subequal in size to those of metasternal wings and abdominal sterna 1 and 2.

Outline of body as in Figure 114. Pronotum with sides broadly rounded, maximum width slightly anterior to narrowly

rounded, slightly obtuse hind angles; lateral bead very narrow, traceable along anterior half but on many specimens obsolete

behind. Prosternal prominence low but evident; file reduced, absent or with only a few irregular transverse rugae: prosternal

process narrowly rounded medially, margined laterally. Elytron with sides rounded, maximum width at or slightly behind

middle: lateral margin strongly ascendent to humeral angle; epipleuron visible to, or almost to, humeral angle.

Male with articles 1 to 3 of pro- and mesotarsi slightly dilated: articles 1 each with two pairs and articles 2 each with one

pair of small elongate adhesive scales on ventral surface: protarsal claws unmodified. Aedeagus simple, evenly narrowed to

apex.

Taxonomic notes. — Fall (1923), stated that the name//, puberuliis LeConte was not a

junior synonym of //. melanocephalus as was indicated by Crotch (1873).

Natural history notes. — Although found in Sphagnum bogs, this species is not restricted

to this habitat. Along the Rocky Mountains, most specimens were collected from shallow

water of small, cold ponds, among dense stands of emergent Carex and detritus or in small

mosses along the waters edge. Teneral specimens were collected on June 18. However, many

mature adults were collected during April and May indicating that overwintering may occur

in the adult stage.

Distribution. — This species is circumpolar in boreal regions. I examined 46 specimens from

Alberta localities (map. Fig. 368).

Hydroporus morio Aube, 1836

Hydroporus morio Aube, 1836: 307. (Type locality - not given.) Gemminger and Harold 1868: 437. - Sharp 1882: 471. -

Leng 1920: 78. - Brown 1937: 109. - Balfour-Browne 1940: 298.

Hydroporus melanocephalus GyWenhal, 1808: 537, not Marsham 1802: 423. Zimmermann 1919: 161. - Zimmermann 1920:

91. - Fall 1923: 91. — Fall 1926: 138. - Leng and Mutchler 1927: 17. - Brown 1930b: 236. - Gordon and Post 1965:

18. - Wallis 1973: 105.

Hydroporus caliginosus LeConte, 1850: 215. (Type locality - Lake Superior.). Melsheimer 1853: 32. - LeConte 1855:

292. - LeConte 1863a: 16. - Gemminger and Harold 1868: 431. - Crotch 1873: 395. - Sharp 1882: 789. - Wickham

1895a: 76. - Leng 1920: 78. - Zimm.ermann 1920: 82. (European synonymy omitted.)

Diagnosis. — Males are distinguished from males of all other species of Hydroporus in the

fauna (except H. dentellus), by the ventrally toothed anterior protarsal claws. Females resemble

those of H. glabriusculus but differ in larger size, denser elytral microsculpture, deeper and

denser punctation and less rounded pronotal hind angles.

Description - Measurements of 20 Alberta specimens are: TL - 3.00 to 3.56 mm (X =3.31 ± 0.13 mm); MW - 1.46

to 1.76 mm (X = 1.63 ± 0.08 mm);TL/MW- 1.98 to 2.11 (X = 2.03 ± 0.03).

Head black except frontal band and anterior margin of clypeus, rufous; antenna with basal articles pale, articles 2 or 3

to 1 1 progressively darkened, but distal articles with at least extreme base rufous; palpi pale except terminal article of each

palpus infuscate. Pronotum black, anterolateral angle and lateral margin vaguely piceous. Elytron black medially, most speci-

mens distinctly rufmescent laterally; epipleuron dark rufous basally, piceous apically. Ventral surface mainly black. Legs

rufous with femora basally, tibia, and tarsi infuscate.

Dorsal surface with coarse reticulate microsculpture; head with meshes on clypeus and anterior margin of frons more or

less transverse, posteriorly, meshes irregular and without definite arrangement; pronotum with meshes coarse laterally and

basally, medially lines shallower and meshes slightly transverse (faintly on male, more so on female); male elytron with

meshes large, flat and irregular in size and shape but not distinctly transverse, surface shiny; many females with surface duller

and opaque, lines dense and deeply impressed, meshes smaller than on male and on some specimens more or less transverse.

Frons with scattered small but deep punctures, punctures in frontal grooves not arranged linearly. Pronotum more densely

and deeply punctate marginally, disc more sparsely and finely punctate. Elytron with evenly scattered coarse punctures,

punctures for most part separated by several times their own diameters. Pronotum and elytron hearing pale grey setae. Meta-

sternal wing, metacoxa, and lateral portion of sterna 1 and 2 with relatively sparse but coarse punctures.

Body subparaUel to ovoid in shape; pronotum with maximum width at or slightly before obtuse hind angle; lateral margin

of pronotum and elytron more or less continuous. Lateral bead of pronotum narrow, poorly defined throughout most of

length. Prosternal prominence evident, file indistinctly developed; prosternal process convex, margined laterally. Lateral margin
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of elytron ascendent to humeral angle, epipleuron of most specimens disappearing posteriorly to shoulder.

Male with articles 1 to 3 of pro- and mesotarsi dilated, stout: articles 1 each with two pairs and articles 2 each with one

pair of moderate oval scales on ventral surface: anterior protarsal claw with broad ventral tooth. Aedeagus simple, narrowed

to apex.

Taxonomic notes. — If the name H. melanocephalus Marsham does not apply to this species

(F. Balfour-Browne, 1937, 1940) then H. mono Aube is the next one available because H.

melanocephalus Gyllenhal is a junior homonym and H. mono Dejean (1833) is a nomen nudum.

On the other hand, various authors including Zaitsev (1953), Guignot (1947) and Zimmermann

(1931) consider//, melanocephalus Marsham and H. melanocephalus Gyllenhal to refer to the

same species, in which case H. melanocephalus Marsham has priority and becomes the name

of the species. I have not examined type material and have accepted Balfour-Browne’s con-

clusions.

Natural history notes. — The only series of this species examined from Alberta was collected

by Peter Kuchar in the Bald Hills, Maligne Range, Jasper National Park, along with H. occiden-

talis, from a small drying waterhole in hummocky tundra at 7300 feet. Elsewhere, few speci-

mens were collected from mosses and Carex stands along margins of small cold woodland pools,

usually in or near coniferous forests. Some of the Jasper National Park specimens collected on

August 9, are slightly teneral.

Distribution. — This is a circumpolar species from Britain and north and central Europe, to

Siberia and from Alaska to Labrador and New Hampshire. I examined 24 specimens from

Alberta localities (map, Eig. 369).

Hydroporus tristis (Paykull, 1798)

Dytiscus tristis Paykull, 1798: 232. (Type locality - unknown to me.) Gemminger and Harold 1868: 441. - Crotch 1873:

395. - Sharp 1882: 472. - Wickham 1895a: 76. - Zimmermann 1919: 162. - Carr 1920: 4. - Leng 1920: 78. - Zimmer-

mann 1920: 105. - Fall 1923: 97. - Brown 1932b: 201. - Hatch 1938: 146. - Hatch 1953: 210. ^ Zaitsev 1953: 155.

- Wallis 1973: 106.

Hydroporus varians LeConte, 1850: 215. (Type locahty - Lake Superior.) Melsheimer 1853: 32. - LeConte 1855: 292. -

LeConte 1863a: 16.

Hydroporus ruficapillus Mannerheim, 1852: 304. (Type locahty - “In palude prope Nov. Archangelsk frequens”.)

Diagnosis. — Small adults, with a narrow, elongate-oval outline, strongly ascending elytral

margin, and prosternal process prolonged anteriorly on prosternum as a narrow longitudinal

convexity.

Description. — Measurements of 30 specimens from the Swan Hills, Alberta, are: TL — 2.84 to 3.20 mm (X = 3.05 ±

0.09 mm); MW - 1.36 to 1.52 mm (X = 1.46 ± 0.04 mm); TL/MW - 2.03 to 2.17 (X = 2.10 ± 0.04).

Head rufous except frons beside each eye, and laterally behind eye, piceous (on some specimens piceous areas broadly

expanded to most of head with only transverse mark between hind margins of eyes and anterior margin of head, rufous);

antenna with articles 1 and 2 and also 3 on some specimens, rufous; outer articles piceous at least apically; palpi rufous,

except terminal article of each palpus infuscate apically. Pronotum black, anterolateral angle and lateral margin narrowly

rufous or piceous. Elytron brownish or rufous laterally and basally, gradually darkened to piceous medially and apically

(some specimens with disc ahnost entirely piceous and only slightly paler basally). Ventral surface black: prosternal process,

metacoxal process and posterior margin of sterna 3 to 6, rufous or piceous. Legs bright rufous, tarsi infuscate.

Dorsal surface, metacoxal plates and abdominal sterna with microsculpture: some specimens with sculpture shallowly

impressed on disc of pronotum and elytron,body somewhat shiny in these areas. Head with punctures smaU, sparse and even-

ly scattered. Pronotum with margins densely and coarsely punctate, disc with smaller more sparsely situated punctures. Ely-

tron conspicuously punctate, punctures relatively small and sparse, separated by two or more times their own diameters.

Setae of pronotum and elytra dark in color, inconspicuous, subequal in length to distance between elytral punctures. Ventral

surface punctate, punctures of metasternal wings discrete, not contiguous: punctures on metacoxal wings separated by 1.5

to twice their own diameters; sterna 1 and 2 with punctures sparser but deeper.

Outhne of body as in Figure 115. Antenna with articles relatively elongate. Pronotum with lateral margin broadly arcuate,

maximum width at or slightly in front of hind angles, latter narrowly rounded, right angled; lateral bead very fine, distinct

throughout length and gradually widening toward anterior angle; disc convex, somewhat inflated laterally, convexity clearly

delimited towards hind angle by oblique series of punctures. Prosternum with prominence and file well developed, prosternal

process extended anteriorly on medial portion of prosternum as narrow convexity. Elytron with lateral margin strongly ascendent

in lateral view: epipleuron visible to humeral angle. Metacoxal lines divergent anteriorly: metacoxal processes very slightly
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sinuate behind, slightly produced medially.

Male with articles 1 to 3 of pro- and mesotarsi slightly dilated: articles 1 and 2 subequal in width, articles 3 rather elongate

and asymmetrical with posterior lobe slightly longer than anterior: articles 1 each bearing three (sometimes two), and articles

2 each bearing one pair of small adhesive scales beneath: protarsal claws more or less equal in length, anterior claw slightly

broadened when examined from side. Aedeagus simple.

Taxonomic notes. — European references and synonymy are not presented above. Crotch

(1873) first synonymized the names//, varians LeConte and H. ruficapillus Mannerheim with

H. tristis. Fall (1923) confirmed this synonymy.

Natural history notes. — Specimens are often found in small Carex-chokQd pools in Sphagnum

bogs, but have also been collected from shallow areas of Carex marshes of the forested portions

of the province. Teneral specimens have been collected from July 9 to August 29.

Distribution. — This is a Holarctic species, ranging from northern and central Europe to

Siberia, and in North America from Labrador to British Columbia and Alaska and south to

Virginia and New Mexico. I examined 130 specimens from Alberta localities (map. Fig. 370).

Hydroporus striola Gyllenhal, 1 827

Hydroporus striola Gyllenhal, 1827: 393. (Type locality - not known to me.) Gemminger and Harold 1868: 441. - Sharp

1882: 473. - Zimmermann 1919: 165. - Fall 1923: 94. - FaU 1926: 138. - Brown 1930b: 236. - Hatch 1953: 210.

- Zaitsev 1953: 158. - Gordon and Post 1965: 18. - Wallis 1973: 105.

Hydroporus subtonsus LeConte, 1855: 297. (Type locality — Lake Superior, designated by Fall, 1923). — LeConte 1863a:

16. - Gemminger and Harold 1868: 441. - Crotch 1873: 395. - Sharp 1882: 811. - Zimmermann 1920: 105. - Leng

1920: 78. - Fall 1923: 94. - Hatch 1953: 210.

Hydroporus vittula Erichson, 1837: 178. (Type locality - not known.) - Zimmermann 1920: 105. (Old World synonymy

omitted.)

Diagnosis. - Small adults, resembling those of H. fuseipennis in habitus but differing in

that the dorsal surface is strongly microsculptured. In addition, the following combination of

characters is distinctive: lateral margin of elytron rises strongly to humeral angle, the epipleuron

visible to humeral angle, and anterior protarsal claw of male broadened in lateral view.

Description. - Measurements of 30 specimens from the Peace River - Rycroft area of Alberta are: TL - 2.96 to 3.36 mm
(X = 3.18 ± 0.11 mm); MW ^ 1.44 to 1.76 mm (X =1.59 ± 0.06 mm);TL/MW - 1.91 to 2.08 (X = 2.00 ± 0.04).

Head dark brown to piceous, rarely black; transverse band between eyes, clypeus and anterior margin of frons, rufous on

most specimens, or some specimens with triangular rufous area on anteromedial portion of frons; antenna with articles 1

and 2 testaceous, articles 3 to 11 piceous, at least apically: palpi testaceous, terminal article of each palpus infuscate apically.

Pronotum with disc dark brown to piceous medially, rarely black: lateral margins broadly rufous darkened toward base. Ely-

tron varied in color, from brown to dark rufous or piceous; most specimens with lateral margin and base paler, many with

poorly defined basomedial pale spot; disc darkened medially and posteriorly; epipleuron rufous basally, darker apicaUy. Ven-

tral surface black with prostemal process, metacoxal process, and sterna 3 to 6 posteriorly, rufous to piceous. Legs rufous,

femora basally, tibia externally, and tarsi, infuscate.

Dorsal surface completely microsculptured. Head coarsely punctate. Pronotum with scattered coarse setiferous punctures,

smaller and sparser medially. Elytron with more or less evenly spaced setiferous punctures. Setae of pronotum and elytron

pale on most specimens, rarely dark brown or piceous. Ventral surface of body reticulate, punctation normal.

Body somewhat depressed dorsally; outline oval with slight discontinuity between pronotum and elytra. Pronotum with

greatest width at hind angles, lateral margin evenly rounded throughout length; hind angle narrowly rounded, about right

angled: lateral bead narrow but traceable. Prostemal prominence blunt, file present: prosternum narrowly concave medially,

process not extended anteriorly onto prosternum: prostemal process angularly convex in cross section. Metacoxal process

truncate or only very slightly produced medially. Elytra oval, evenly rounded laterally with greatest width at about middle;

lateral margin ascendent toward humeral angle (Fig. 117), epipleuron visible to humeral angle in lateral view.

Male with articles 1 to 3 of pro- and mesotarsi slightly broadened, articles 1 each with three and articles 2 each with

two pairs of adhesive scales on ventral surface; anterior protarsal claw subequal in length to posterior but conspicuously

broadened in side view. Aedeagus as in Figure 69.

Taxonomic notes. — The name H. vittula Erichson was placed as a synonym of H. striola

by Zimmermann (1920), as previously suggested by Sharp (1882). The name H. subtonsus

EeConte was shown to be a junior synonym of H. striola by Fall (1923).

Natural history notes. - These insects are found in shallow stagnant water, either permanent

or temporary, usually in association with large amounts of plant debris and dense emergent
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vegetation. This is the most commonly collected species of dytiscid in Carex marshes of the

forested portions of the province. Many teneral specimens were collected from July 8 to

August 24.

Distribution. — This species occurs throughout the boreal portions of North America, from

Newfoundland to British Columbia, and from New England and Colorado (Dugleville, CARR)
to Great Slave Lake (UC) and Alaska. I examined more than 650 specimens from Alberta

localities (map. Fig. 371).

Hydroporus badiellus Fall, 1923

Hydroponis badiellus Fall, 1923: 89. (Type locality - Marquette, Michigan.) Leng and Mutchler 1927: 17. - Brown 1930b:

236. - WalUs 1973: 105.

Diagnosis. — Adults are small, more or less parallel-sided, dorsally convex, with the elytra

not or only slightly ascending to the humeral angles and epipleura disappearing posterior to

humeral angles.

Description. - Measurements of 29 specimens from Winchell Coulee (near Water Valley) and Crimson Lake (near Rocky

Mountain House), Alberta, are: TL - 2.64 to 3.00 mm (X = 2.82 ± 0.09 mm); MW - 1.24 to 1.48 mm (X = 1.34 ± 0.05

mm);TL/MW - 2.03 to 2.20 (X - 2.11 ± 0.04).

Head piceous except clypeus, frons above base of antenna, and transverse mark between posterior margins of eyes, rufous;

antenna with articles 1 to 3 rufous, outer articles piceous, at least apically; palpi testaceous except terminal article of each

palpus infuscate apically. Pronotum black except front angle and lateral margin dark rufous to piceous. Elytron rufous to

brown laterally, darker piceous medially on disc; epipleuron rufous. Ventral surface black except prosternal process, meta-

coxal process apically, and sterna 3 to 6 apically and laterally, rufous to piceous. Legs dark rufous except femora basally,

tibiae externally, and tarsi, dark rufous to piceous on most specimens.

Dorsal and ventral surfaces with reticulate microsculpture. Frons with small sparse punctures. Pronotum with margins

coarsely punctate, disc medially with sparse inconspicuous punctures. Elytron with evident but small punctures, separated

by 2 to 3 times their own diameters. Pronotum and elytron with punctures each bearing a small inconspicuous dark seta.

Metastemal wings, metacoxal plates and sterna 1 and 2 with coarse punctures of more or less equal size and density, and

separated from each other by own diameter or more.

Body narrowly oval (Fig. 116): lateral margin of pronotum and elytron meeting in a more or less continuous line: lateral

margin of elytron slightly arcuate, maximum width at middle. Antennal articles elongate, articles 5 to 7 markedly broadened

apically. Lateral bead of pronotum fine but clearly delimited from disc; hind angle narrowly rounded, right angled. Prostemum

anterior to procoxae, narrow, more or less inflated and coarsely punctato-rugose; prominence obsolete or at most poorly de-

fined, file with evident transverse ridges; process not prolonged medially on prosternum anterior to file; prosternal process

broadly subangularly convex, narrowly bordered laterally. Elytron only slightly and shortly ascendent to humeral angle,

epipleuron disappearing posterior to humeral angle. Metacoxal process with metacoxal lines strongly divergent, process

shghtly and broadly angulate behind.

Male with articles 1 to 3 of pro- and mesotarsi slightly dilated, articles 1 each bearing two pairs, and articles 2 each

bearing one pair of small rounded adhesive scales beneath: protarsal claws not modified. Aedeagus (Fig. 70) with apex

shortly arcuate.

Taxonomic notes. — Fall (1923) wrote that this species differs only very slightly from H.

obscunis Strum, but he had only two specimens of H. obscurus for reference. Wallis (1973)

suggests that the two are conspecific.

Natural history notes. — The few Alberta specimens were collected from small pools in

moss carpet of Sphagnum or Drepanocladus bogs.

Distribution. — The recorded range of H. badiellus includes Michigan, Newfoundland, Quebec

and Manitoba. I examined material from New Hampshire (Eagle L, UASM), Quebec (Harring-

ton Harb, UASM) and 50 specimens from Alberta localities (map, Fig. 372).

Hydroporus carri new species

Holotype male, and allotype, female, - spring nr. headwaters of Trout Creek, Porcupine Hills, Alta. (Tp. 13 Rge. 29 W 4);

August 15, 1972; D. and M. Larson. [CNC]. Paratypes - Ft. Macleod (l);Tp. 26 Rge. 4 W 5 (1); 1.5 mi S Longview (1).

[CNC and UASM]

.

Diagnosis. — Moderate sized specimens, characterized by brownish elytra, shiny body with
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reduced punctation, short rounded male protarsal articles, article 1 with three pairs of oval

adhesive scales beneath, and slender elongate protarsal claws.

Description. - Measurements of five type specimens are: TL - 3.92 to 4.24 mm (X = 4.10 ± 0.11 mm); MW - 2.04 to

2.24 mm (X = 2.13 ± 0.08 mm); TL/MW - 1.89 to 1.96 (X = 1.92 ± 0.03).

Head black except frontal bar and small triangular spot above base of each antenna, rufous: antenna pale rufous basally,

articles 2 or 3 to 1 1 infuscate, piceous apically but all articles with bases pale; palpi testaceous except terminal article of

each palpus infuscate. Pronotum black except lateral bead and margin narrowly medially to bead, rufous. Elytron with disc

dark brown or piceous medially, paler brown basally and laterally. Ventral surface mainly black. Legs rufous except coxae

and basal two thirds of femora piceous and tarsal articles of some specimens slightly infuscate dorsaUy.

Dorsal surface with reticulate microsculpture, best developed on head but also evident on disc of pronotum and elytra;

males with pronotum and elytron rather shiny, sculpture lightly impressed; metacoxal plates and abdominal sterna with

irregular sculpture. Head with scattered, small but deep punctures. Pronotum relatively finely punctate, with evident series

of moderate punctures submarginaUy to anterior margin and also inside posterior lateral angles, otherwise marginal punctures

small; disc with punctures smaller than meshes of microsculpture. Elytron more coarsely punctate, punctures evenly scattered

and each with a very fine pale seta slightly longer than distance between punctures. Metacoxal plates with broad but very

shallow and inconspicuous punctures, much less obvious than punctures of metasternal wings or sterna 1 and 2.

Body rather broadly and evenly oval in outline. Pronotum with lateral margins markedly rounded toward anterior angles,

less so posteriorly; maximum width at distinctly obtuse hind angles: lateral bead clearly delimited throughout length. Pro-

sternal prominence low but evident, file well developed; process subangularly convex, densely setose, with lateral margin

extended to apex. Elytron with lateral margin distinctly ascendent toward humeral angle, epipleuron disappearing well behind

shoulder. Metacoxal lines very slightly divergent anteriorly; metacoxal processes conjointly truncate with short but distinct

ungulate projection along midline.

Male with protarsal articles relatively short and broad (Fig. 93): article 1 very slightly broader than articles 2 and 3, latter

subequal in width; article 2 transverse, article 3 almost circular in outline; article 1 with three and article 2 with one pair of

relatively large oval scales beneath; protarsal claws elongate, slightly more arcuate in lateral view than mesotarsal claws. Fe-

male with protarsal articles slightly narrower, article 3 more or less parallel-sided medially. Aedeagus as in Figure 71.

Taxonomic notes. — Specimens of this species most closely resemble those of H. transpunc-

tatus Chand. Resemblances are in the following characters: male with short rounded protarsal

articles and article 1 bearing more than two pairs of adhesive scales on the ventral surface; apex

of aedeagus recurved; dorsal surface of body relatively shiny; and elytron brownish in color.

Etymology. — The specific epithet is based on the surname of Mr. and Mrs. John Carr of

Calgary, Alberta, from whom I have learned much about dytiscids.

Natural history notes. — Three specimens were taken from amid emergent Carex at the mar-

gins of very small springs in fescue grasslands, along the eastern margin of the southwestern

Alberta foothills. Unlike most springs in this area, these had stable, well vegetated banks and

were only lightly used by cattle.

Distribution. - I have seen only the type material, from southwestern Alberta (Fig. 373).

Hydroporus transpiinctatus Chandler, 1941

Hydroporus transpunctatus Chandler, 1941: 103. (Type locality - Salamander Lake, Mt. Timpanogos, Utah County, Utah.)

Blackwelder 1948: 3. - Anderson 1962: 63.

Diagnosis. — Specimens are similar to those of H. carri but average a little larger, and more

elongate in shape; the appendages are darker in color; male protarsal article 1 bears numerous

small scales on ventral surface; and the anterior protarsal claw is slightly shorter and stouter

than the posterior claw.

Description - Measurements of three specimens from Bow Lake, Banff NatT. Park, Alberta are: TL - 4.48 to 4.56 mm
(X = 4.52 mm); MW ^ 2.24 to 2.32 mm (X = 2.28 mm); TL/MW - 1.97 to 2.00 (X = 1.98).

Head black, except frontal band and small triangular area above base of each antenna, rufous; antenna dark except all

articles with at least extreme base rufous; palpi with all articles infuscate, dark rufous to piceous. Pronotum black except

lateral margin dark piceous; elytron dark brown or piceous medially, basal and lateral margins paler, brown to rufous; epi-

pleuron piceous to black. Ventral surface mainly black. Legs with coxa, trochanter and femur mainly piceous to black, tibia

and tarsi rufous to rufopiceous.

Head and pronotum with reticulate microsculpture: elytron shiny, reticulate sculpture over most of disc, but immediately

behind each puncture, on at least basal half of disc, lines obsolete, and shiny smooth area behind and partly surrounding each

puncture; metacoxal plates and sterna sculptured. Head with numerous small but deep punctures, punctures slightly varied
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in size. Pronotum with margins bearing numerous relatively small punctures; punctures on disc small, dual (small setiferous

punctures and smaller nonsetiferous punctulae) but larger and denser than those of//, carri. Elytron with punctures small,

dense, tending to form irregular transverse rows; each puncture with thin pale seta. Metasternal wing coarsely punctate, slight-

ly more so than sterna 1 and 2: metacoxa with punctures shallow.

Body elongate oval in outhne, lateral margins of pronotum and elytron more or less continuous. Pronotum with sides

evenly arcuate, on most specimens not so strongly widened in apical half as in H. carri, with maximum width at or slightly

before obtuse hind angles. Lateral bead of moderate width, well delimited throughout length. Prosternal prominence and

file evident; prosternal process as in carri but slightly longer. Lateral margin of elytron ascendent to humeral angle, epipleuron

disappearing posterior to shoulder. Metacoxal hues divergent process truncate or very shghtly and broadly angulate behind.

Male with pro- and mesotarsal articles 1 to 3 short and rounded, articles 3 almost circular (Fig. 94); articles 1 each bearing

numerous small oval scales on ventral surface (many more than the three pairs present on carri}-, anterior protaxsal claw slightly

shorter and stouter than posterior, both shorter than those of carri and not so strongly arcuate medially. Aedeagus as in Fig-

ure 72.

Taxonomic notes. - Nine specimens from Gore Pass, Colorado (CARR) (identified by R.

D. Gordon) are considerably larger than the Alberta specimens (TL - 4.68 to 5.12 (X = 4.92

± 0. 14 mm)).

Natural history notes. — Tliree specimens were collected from among small mosses

bordering small, cold, seepage or spring-fed ponds situated in an alpine meadow at an

of 6,500' near Bow Lake, Banff Nat’l Park. J. Carr (pers. comm.) found specimens in

habitat at Gore Pass, Colorado.

Distribution. — This species was previously recorded only from Utah. I examined 1

mens from the following localities:

ALBERTA (Fig. 374) - Banff National Park, Ti mi N Bow Lake, 6,500'.

COLORADO - Gore Pass (CARR).

Hydroporus rectus Fall, 1923

Hydroporus rectus Fall, 1923: 79. (Type locality - White Mountains, New Hampshire.) Feng and Mutchler 1927: 17. - Brown

1932b: 201. - WaUis 1973: 105.

Diagnosis. - The moderately large size, elongate shape of the body, and the entirely pale

labial palpi make this one of the more easily recognizable species.

Description. - Measurements of 30 specimens from various Alberta localities are: TL - 4.24 to 4.72 mm (X = 4.52 ±

0.13 mm); MW - 2.04 to 2.32 mm (X = 2.19 ± 0.07 mm); TL/MW - 2.00 to 2.11 (X = 2.07 ± 0.03).

Head black except clypeus, triangular area on anteromedial portion of frons, and transverse maculation between hind mar-

gins of eyes, rufous (on some specimens pale areas broadly expanded and head almost entirely rufous except piceous spot

medial to each eye); antenna with articles 1 to 2 or 3 entirely pale, outer articles infuscate at least apicaUy; maxillary palpus

testaceous to rufotestaceous except terminal article infuscate apically; labial palpus entirely testaceous, without apical infus-

cation. Pronotum black except front angle and lateral m.argin, rufous. Elytron dark rufous to piceous medially, paler laterally;

epipleuron rufous. Ventral surface black except abdominal sterna 3 to 6 rufous apically and laterally. Legs rufous except

femora and tibiae of most specimens slightly darker.

Dorsal surface with reticulate microsculpture, pattern hardly different between sexes, or lines somewhat more deeply im-

pressed on female. Head coarsely punctate medially, punctures sm.aUer and sparser laterally. Pronotum coarsely punctate

laterally, medially on disc punctures finer and sparser. Elytron more or less evenly coarsely punctate. Punctures of pronotum

and elytron each bearing elongate very slender inconspicuous pale seta. Punctation of metacoxal plates more or less even,

shallower than that of metasternal wings or lateral portions of sterna 1 and 2.

Body elongate, parallel-sided or with sides gradually broadening to maximum width which occurs well behind middle.

Mentum with tooth truncate or shallowly emarginate medially. Lateral bead of pronotum relatively broad, well delimited

throughout length and of more or less equal width. Prosternal process and file slightly developed. Elytron with lateral margin

more or less straight or only slightly ascendent in side view; epipleuron disappearing posterior to humeral angle of elytron.

Male with articles 1 to 3 of pro- and mesotarsus dilated (Fig. 95, 96), articles 1 each with two pairs and articles 2 each

with one pair of rounded adhesive scales beneath: articles 1 and 2 subequal in width, slightly broader than article 3: anterior

protarsal claw slightly broadened, subequal to or slightly shorter than posterior claw.

Taxonomic notes. — I examined two specimens from Mt. Washington, N. H., which agree

well in structure with specimens from Alberta.

Natural history notes. - This is a characteristic species of Sphagnum bogs, with adults usually

found in small Carex-TiW^d pools in a Sphagnum carpet, and, occasional specimens in Carex

and rushes

elevation

a similar

2 speci-

Quaest. EnL, 1975, 1 1 (3)



310 Larson

marshes or small shaded forest pools.

Distribution. - Fall recorded this species from New Hampshire, Michigan and Manitoba. I

examined specimens from New Hampshire, Newfoundland (St. Anthony, UASM) and 67 speci-

mens from Alberta localities (map. Fig. 375).

Hydroponis tenebrosus h^ConiQ, 1850

Hydroporus tenebrosus LeConte, 1850: 215. (Type locality - Lake Superior.) Melsheimer 1853: 32. - LeConte 1855: 292.

- LeConte 1863a: 16. - Gemminger and Harold 1868: 441. - Crotch 1873: 394. - Sharp 1882: 467. - Wickham 1895a:

76. - Carr 1920: 4. - Leng 1920: 78. - Zimmermann 1920: 103. - FaU 1923: 81. - LaRivers 1951: 407. - Hatch 1953:

207. - Anderson 1962: 63. - Gordon and Post 1965: 17. - Wallis 1973: 105.

Hydroporus luridipennis LeConte, 1850: 216. (Type locahty — Eagle Harbor, Lake Superior) not Melsheimer, 1846.

Hydroporus lutulentus LeConte, 1855: 292-293. (New name for//, luridipennis LeConte.) LeConte 1863a: 16. - Gemminger

and Harold 1868: 436.

Diagnosis. — This is the most frequently encountered species in Alberta of that group of

Hydroporus including the medium sized, unpatterned, dark adults. The male protarsi are usual-

ly distinctive — article 3 of both the pro- and mesotarsus is very large, broadly oval in outline

and usually evidently wider than the two preceding articles. The protarsal claws are subequal

in length but the anterior are perceptibly broader in lateral view. Microsculpture of the female

is fine and dense, giving these specimens a dull opaque appearance characteristic within this

group. The elytra of tenebrosus specimens also tend to be paler in color than those of related

species.

Description. - Measurements of 30 specimens from the Calgary - Cochrane area of Alberta are: TL - 3.76 to 4.32 mm
(X =4.06 ± 0.15 mm); MW - 1.84 to 2.16 mm (X = 2.04 ± 0.08 mm);TL/MW - 1.94 to 2.06 (X = 1.99 ± 0.03).

Head black except frontal bar on frons, anterior margin of clypeus, and frons laterally above base of antenna, rufous;

antenna with articles 1 and on most specimens also 2, pale rufous; outer articles infuscate apically or largely piceous, but

usually with at least extreme base pale; palpi rufous, terminal article of each palpus piceous. Pronotum with disc black,

anterior angle and lateral margin rufous to piceous. Elytron rarely black; most specimens with elytron piceous to dark brown

medially and apically with lateral margins brown to rufous: epipleuron piceous.Ventral surface largely piceous to black. Legs

dark rufous except femora basally, tibiae apically and externally, and tarsal articles, infuscate and piceous on many specimens.

Dorsal surface with reticulate microsculpture: male elytral sculpture of more or less even sized meshes irregular in shape;

female elytral microsculpture of very dense, fine lines in very small meshes visible at 100 X, surface dull and opaque. Head

with evident irregular punctures, deepest and densest medially on frons and finer and sparser anteriorly and laterally. Pronotum

with coarse punctures, less dense medially on disc,either large and setiferous, or smaller and non-setiferous. Elytron evidently

punctate. Punctures of pronotum and elytron bearing long pale setae.

Pronotum with lateral bead fine but distinct throughout length: pronotum with maximum width at hind angles. Prosternal

prominence low, file well developed with low transverse ridges. Lateral margin of elytron more or less straight in side view,

or slightly and gradually ascendent to humeral angle: epipleuron disappearing shortly posterior to humeral angle. Metacoxal

process truncate or very slightly produced medially.

Male with articles 1 to 3 of pro- and mesotarsi dilated (Fig. 97), articles 3 broadly oval in outline, conspicuously robust

in comparison to articles 1 and 2, and on many specimens broader than articles 1 and 2: articles 1 each with two pairs and

articles 2 each with one pair of oval adhesive scales on ventral surface: protarsal claws subequal in length, anterior claw slightly

broader with apex slightly more acute, but otherwise claws similar in shape. Female with pro- and mesotarsal articles narrow

(Fig. 98), articles 3 very slender and elongate, narrowly triangular in shape.

Taxonomic notes. — LeConte (1855) suggested that the name H. lutulentus may be a junior

synonym of H. tenebrosus. This was confirmed by Crotch (1873) and Fall (1923). Horn (1883)

placed H. rusticus Sharp as a junior synonym of H. tenebrosus and this was again confirmed

by Fall (1923).

Natural history notes. — Specimens live amid emergent vegetation and plant detritus along

margins of usually small, warm ponds. They are often very abundant in small ponds in park-

land zones but were also taken from prairies (most commonly on fescue grasslands), mountains,

and mixed and boreal forest areas, where they are even found in Sphagnum bogs. On prairies,

H. tenebrosus is to a large extent replaced by H. pervicinus and in the mountains, especially at

higher elevations and in colder marshes, by H. despectus. Teneral specimens were collected

from July 6 to mid-August, mostly during the latter half of July. A specimen was observed to
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land on a black car in Calgary on May 30, 1972.

Distribution. — This species ranges widely in North America, from New England to British

Columbia, and south to Utah and Nevada. I have seen specimens from as far north as Aklavik,

N.W.T. (Bryant, UASM), and examined more than 600 specimens from Alberta localities (map.

Fig. 376).

Hydroporus pervicinus Fall, 1923

Hydroporus pervicinus Fall, 1923: 84. (Type locality - Lake Tahoe, California.) Leng and Mutchler 1927: 17. - Hatch 1953:

207. - Leech and Chandler 1956: 318. - Anderson 1962: 63. - Gordon and Post 1965: 17. — Wallis 1973: 105.

Diagnosis. - Adults resemble those of H. tenebrosus, but males are recognized by the short-

ened anterior protarsal claws. In addition to this, specimens of H. pervicinus are darker in color,

the head is more strongly punctate, and the microsculpture of the female elytron consists of

large open meshes similar to that of the male.

Description. - Measurements of 30 specimens from selected localities in the vicinity of the Red Deer River, Alberta, are:

TL - 3.80 to 4.24 mm (X = 4.02 ± 0.12 mm); MW - 1.88 to 2.12 mm (X = 2.01 ± 0.08 mm); TL/MW - 1.94 to 2.06 (X =

2.01 ± 0.03).

Head black except frontal margin dark rufous or piceous, and frons with transverse rufous maculation between posterior

margin of eyes; antenna with outer articles beginning at article 2, darkened apicaUy on most specimens; palpi pale except

terminal article of each palpus infuscate apically. Pronotum with disc black, lateral margin and in some specimens also basal

and apical margins, narrowly piceous. Elytron black medially, lateral margin dark rufous or piceous; epipleuron piceous. Ven-

tral surface mainly black. Legs rufous with tibia and tarsi largely infuscate.

Dorsal surface with evident microsculpture; elytral meshes isodiametric. Punctation of frons various but on most specimens

noticeably coarser than that of H. tenebrosus. Elytron and pronotum with pale setae. Structural characters similar to those

of//, tenebrosus.

Males with articles 1 to 3 of pro tarsus dilated (Fig. 99), articles 1, 2 and 3 subequal in width; article 3 less strongly expanded

than that of tenebrosus-, article 2 less transverse, more quadrate in outline: anterior protarsal claw about two-thirds length of

posterior, broader and more strongly arcuate. Females with article 3 of protarsus (Fig. 100) more rounded laterally than that

of tenebrosus.

Natural history notes. - Specimens inhabit vegetation-rich margins of small, often temporary,

prairie and foothill ponds, but not saline water.

Distribution. — This is a western species, known from California to southern British Columbia,

and east to Manitoba. I examined more than 220 specimens from Alberta localities (map. Fig.

377).

Hydroporus despectus Sharp, 1882

Hydroporus despectus Sharp, 1882: 466. (Type locality - “North America (Canada)”.) Zimmermann 1920: 104. - Leng

1920: 78. - Fall 1923: 81. - Brown 1930: 236. - Hatch 1953: 207. - Anderson 1962: 63. - Walhs 1973: 105.

Hydroporus rusticus Sharp, 1882: 467. (Type locality - Nevada) Horn 1883: 278.

Diagnosis. — Specimens are average sized resembling those of H. tenebrosus in habitus,

but the male has article 3 of the pro- and mesotarsus shorter and less dilated. The male pro-

tarsal claws are subequal or the anterior claw is very slightly shorter and stouter than the poste-

rior. There is no or slight sexual dimorphism in elytral sculpture.

Description. - Measurements of 30 specimens from the Kananaskis Lakes - Highwood Pass area of Alberta, are: TL - 3.72

to 4.28 mm (X =4.03 ± 0.15 mm); MW - 1.84 to 2.14 mm (X = 2.03 ± 0.08 mm); TL/MW - 1.90 to 2.06 (X = 1.98 ±

0.04).

Head black except frontal bar rufous, anterior margin dark rufous to piceous; antenna with article 1 rufous; outer articles

dark with even article 2, at least dorsaUy and apically, infuscate; palpi with base rufous, terminal one or two articles of each

palpus infuscate; ventral surface of head piceous to black with gula rufous to piceous. Pronotum black with lateral margin

piceous on some specimens. Elytron with lateral and basal margins dark rufous to piceous, disc gradually darkened medially

and apically: epipleuron piceous. Ventral surface largely black. Legs piceous except trochanters, apex of femora and base of

tibia, paler on most specimens.

Body with reticulate microsculpture: elytral meshes even and rounded, covering disc; no appreciable difference between

sexes, or some females with lines slightly more deeply impressed; many specimens with sparse, shallow, sinuate, transverse
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lines on disc of elytron. Head variously punctate but less coarsely so than in H. pervicinus. Pronotum densely and coarsely

punctate marginally, disc more sparsely punctate with both large setiferous punctures and scattered small punctulae. Elytron

strongly punctate, punctures more or less evenly distributed over disc and separated by one and one-half to two times their

own diameters. Metacoxal plate evenly punctate, metasternal wing with conspicuously larger and denser punctures. Sterna

3 to 6 with punctures small but distinct. Pronotal and elytral setiferous punctures with conspicuous golden to brown setae.

Pronotum with lateral margin evenly arcuate, maximum width at hind angles and in dorsal view in form of more or less

smooth curve with lateral margin of elytron; lateral bead relatively broad, of equal width and clearly delimited throughout

length. Prosternal prominence low, file well developed; prosternal process strongly convex but rounded medially and margined

laterally to apex. Elytron shortly but distinctly ascendent to humeral angle: epipleuron disappearing posteriorly to shoulder.

Metacoxal processes together with hind margin more or less trunctate or very broadly angulate behind.

Male with articles 1 to 3 of pro- and meso tarsi dilated (Fig. 101): articles 1 and 2 subequal in width; article 3 subequal in

width or slightly narrower (especially on mesotarsus) and about as long as wide, with sides rounded and maximum width

near or slightly distad of middle; articles 1 each with two pairs and articles 2 each with one pair of rounded adhesive scales

on ventral surface. Pro tarsal claws subequal in length or anterior claw slightly shorter and broader. Aedeagus as in Figure 73.

Taxonomic notes. — Fall (1923) examined specimens of this species from New England as

well as from Alberta, British Columbia and Idaho, and indicated that they were not all alike

but did not differ sufficiently to permit recognition of more than one species. The species to

which I have applied the name H. despectus has a western mountain distribution and as a gen-

eral rule, species with this form of distribution do not extend very far into eastern North Amer-

ica. This distribution contributes a little more evidence to suggest that eastern and western

North American specimens may not be conspecific. I have not examined the type of H. despectus.

Natural history notes. — Specimens live in Carex marshes and among emergent vegetation

along the margins of small, cold, silt-bottomed springs, seepages or creeks in the mountain and

foothill regions of the province. The single specimen from northeastern Alberta was found

among moss and Carex along the margin of a small cold spring, a somewhat uncommon type

of habitat in that portion of the province. I have seen a single teneral specimen, collected July

9.

Distribution. — This species was recorded from New England to British Columbia (but see

Taxonomic notes). In western North America it was recorded from Utah, Idaho, British Colum-

bia and Alberta. I examined 340 specimens from Alberta localities (map, Eig. 378).

Hydroporus species near despectus Sharp

Diagnosis. — This rather undistinguished species is based, to some extent, on negative char-

acters. The beetles are of average size with brown to piceous elytra and fine sculpture and

punctation. The best diagnostic characters are:habitus which is body somewhat depressed and

broadly oval and third article of the pro- and mesotarsus relatively narrow in both sexes. Speci-

mens of this species differ from those of H. despectus in slightly smaller size, more oval in out-

line, paler in color, and less strongly punctate.

Description. - Measurements of 30 specimens from the Swan Hills, Alberta, are: TL - 3.54 to 4.08 mm (X = 3.83 ± 0.12

mm); MW - 1.78 to 2.08 mm (X = 1.93 ± 0.07 mm); TL/MW - 1.94 to 2.04 (X = 1.98 ± 0.02).

Head black except frontal bar rufous, anterior margin of clypeus dark rufous or piceous; ventral surface of head various,

most specimens with gula testaceous to rufous and genae darker, rufous to piceous; antenna with articles 1 to 3 pale, distal

articles piceous or at least infuscate apically but with extreme base of each article rufous; palpi rufous except apical one or

two articles of each palpus infuscate. Pronotum black, lateral bead of some specimens piceous. Elytron with lateral and basal

margins brown to dark rufous, disc gradually darkened piceous to black medially and apically; some specimens with entire

disc brown; epipleuron dark brown to piceous. Ventral surface mainly black, some specimens with mediolateral portion of

sternum 3, rufous. Legs dark rufous or piceous except apex of femur and base of tibia rufous, or some specimens with entire

legs rufous with femora slightly darkened basally.

Dorsal surface reticulate though lines of sculpture shallowly impressed on some specimens; elytron with meshes large and

rounded, elytral disc somewhat shiny in both sexes. Sexual differences in sculpture absent or slight. Head relatively lightly

punctate: punctures scattered, smaller on clypeus and anteriorly on frons, becoming somewhat coarser posteriorly: punctures

in frontal depressions without definite longitudinal linear arrangement. Pronotum strongly punctate submarginally, disc with

punctures sparse and small. Pronotum very sparsely setose, most conspicuously so laterally and posteriorly. Elytron strongly

and evenly punctate, punctures separated by several times their own diameters and each with fine brown to piceous seta about
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equal in length to distance between punctures. Metasternal wings, metacoxal plates and lateral portions of sterna 1 and 2

distinctly and evenly punctate: sternum 3 very finely punctate, punctures deepened and more distinct on sterna 4 to 6.

Body slightly depressed, broadly and more evenly oval in outline than in most specimens of related species; maximum

width at, or clearly behind middle. Pronotum with lateral margins rounded in form of smooth curve with margin of elytron;

maximum width at slightly obtuse hind angles: lateral bead narrow but distinct and of even width throughout length. Elytron

with lateral margin shortly but distinctly ascending to humeral angle, epipleuron disappearing posteriorly to shoulder. Pro-

sternum with prominence and file well developed; process elongate, narrowly convex, sparsely setose and narrowly margined

laterally. Metacoxal process truncate or slightly angulate medially.

Male with articles 1 to 3 of pro- and mesotarsi dilated (Fig. 102): articles 3 narrower than in other similar species, sides

more or less straight, subparallel or slightly diverging towards apex; pro tarsal claws subequal in length, anterior claw slightly

broadened basally. Aedeagus as in Fig. 74, apex more or less straight or slightly reflexed in lateral view: broad and medially

constricted in ventral view.

Taxonomic notes. — The specimens included in this species differ subtly in body proportions

but these forms intergrade into one another. R. D. Gordon (in litt., 1974) considers these

specimens to belong to the species H. despectus. However, minor morphological distinctions

correlated to habitat differences strongly suggest that two species are involved. I have not ex-

amined the type specimens of H. despectus Sharp, H. nisticus Sharp or H. tartaricus LeConte

and therefore am not certain of the correct application of these names. Because of this, I have

not proposed a new name for this species.

Natural history notes. — This is one of the commoner species of Hydroporus in Carex and

Sphagnum bogs throughout the northern portions of the province. Teneral specimens were

collected from July 1 1 to August 29.

Distribution. - This species occurs widely throughout the forested portions of the province

and south along the foothills to the Bow River. I examined more than 250 specimens from

Alberta localities (map. Fig. 379).

Hydroporus tartaricus LeConte, 1850

Hydroporus tartaricus LeConte, 1850: 215. (Type locality - Lake Superior.) Melsheimer 1853: 32. - LeConte 1855: 292.

- LeConte 1863a: 16. - Gemminger and Harold 1868: 441. - Crotch 1873: 395. - Sharp 1882: 470. - Zaitzev 1907:

22. - Zimmermann 1919: 161. - Carr 1920: 4. - Leng 1920: 78. - Zimmermann 1920: 103. - FaU 1923: 86. - Fall

1926: 138. - Brown 1937: 109. - Hatch 1953: 208. - Zaitsev 1953: 162. - Wallis 1973: 105.

Diagnosis. - The combination of pale genae which contrast in color with the slightly darker

gula, the coarsely punctate frons, and the anteriorly narrowing lateral margin of the pronotum

distinguish adults of this species from others of Hydroporus.

Description. - Measurements of 16 Alberta specimens are: TL - 3.28 to 3.56 mm (X = 3.40 ± 0.07 mm); MW - 1.68 to

1.84 mm (X = 1.76 ± 0.05 mm); TL/MW - 1.89 to 1.95 (X = 1.93 ± 0.02).

Head dark rufous to black except frontal bar between eyes, and anterior margin, rufous; ventral surface with genae testaceous

to pale rufous, gula slightly darker in color; antenna with articles 1 to 2 or 3 testaceous, outer articles darker, largely piceous

but with at least extreme base of each article rufous: palpi rufous with terminal article of each palpus infuscate. Pronotum

piceous to black, anterior angle pale rufous, lateral margin pale anteriorly, becoming dark rufous to piceous posteriorly.

Elytron brown laterally and basally, darker medially and posteriorly: epipleuron brown to rufous. Ventral surface piceous to

black, most specimens with prosternum and process, metasternum medially, metacoxal process, sternum 2 medially, and

sterna 3 to 6 laterally and apically, rufous. Legs dark rufous to piceous with at least trochanters and apex of femora paler.

Dorsal surface reticulate, similar in both sexes; sculpture irregular and somewhat effaced on ventral sclerites of body. Head

strongly and coarsely punctate: frontal impressions with punctures more or less longitudinal and hnear in arrangement. Pronotum

marginally densely punctate; disc with punctures smaller and sparser. Elytron conspicuously punctate, punctures separated

by two or more times their own diameters. Punctures of pronotum and elytron each with pale brown seta, equal to or slightly

longer than distance between elytral punctures. Metasternal wing, metacoxa and sterna 1 and 2 with conspicuous punctures,

slightly less dense than those of H. sp. near despectus: sterna 3 to 6 finely and sparsely punctate.

Body broadly oval to almost subparaUel medially, maximum width near middle; somewhat depressed. Antenna with article

2 conical, maximum width near apex. Pronotum evenly rounded laterally, on most specimens in form of smooth continuous

curve with lateral margin of elytron; maximum width at hind angles; lateral bead narrow, well defined posteriorly, but narrowed

anteriorly and on many specimens disappeared externally near laterally inflated margin of front angle. Prosternum with file

and prominence weakly developed on some specimens; process narrow, strongly convex, sparsely setose, narrowly margined

laterally. Elytron with lateral margin shortly but distinctly ascendent to humeral angle, epipleuron disappearing posterior to
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shoulders.

Male pro- and mesotarsal articles narrow but distinctly dilated, articles 3 elongate oval; articles 1 each with two and articles

2 each with one pair of small, oval scales on ventral surface. Protarsal claws subequal, anterior claw slightly more robust than

posterior. Aedeagus simple, slender.

Taxonomic notes. — Although this species resembles H. sp. near despectus in general appear-

ance, the two may not be closely related, as suggested by the slight differences in outline of

the aedeagus. However, adults of species in this section of the genus Hydroporus are so similar

to one another that it is difficult to determine their relationships.

Natural history notes. — Adults of H. tartaricus were found in Carex marshes in the park-

land or mixed forest zones of the province. Some were associated with Sphagnum.

Distribution. — This species has been recorded from New England to British Columbia and

Alaska, and from northern Europe and Siberia. I examined 14 specimens from Alberta localities

(map. Fig. 380).

Hydroporus elegans i?2inzQr, 1794)

Dytiscus elegans Panzer, 1794: 5. (Type locality - unknown, type lost (Anderson, 1962).) North American references only.

— J. Balfour-Browne 1948: 160. - Hatch 1953: 211. - Zatisev 1953: 202. — Anderson 1962: 61. — Wallis 1973: 106.

Hydroporus depressus auctorum, not Fabricius, 1775. — Wickham 1895a: 74. — Fall 1923: 109. - Leng 1920: 78. - Zim-

mermann 1920: 124. - Brown 1932b: 201. - Gordon and Post 1965: 18.

Hydroporus rotundatiis LeConte, 1863b: 21. (Type locality - Toronto, Ontario.) - Crotch 1873: 392.

Diagnosis. — Adults of this and the following species, H. depressus Fabricius, are character-

ized by the rounded pronotum with maximum width anterior to the hind angles, maculate

elytra, and the small subapical tooth on the lateral margin of the elytra. Additionally, males

of//, depressus and H. elegans are distinguished by shape of the protarsal claws and aedeagus.

Description. - Measurements of 20 specimens from central Alberta are: TL - 4.92 to 5.54 mm (X =5.17 ± 0.17 mm);

MW - 2.56 to 2.84 mm (X = 2.68 ± 0.07 mm); TL/MW - 1.86 to 2.01 (X = 1.93 ± 0.03).

Body testaceous to pale rufous. Head with posterior margin of frons narrowly piceous; antennal articles 5 or 6 to 11 in-

fuscate apicaUy; apex of terminal article of each palpus infuscate. Pronotum with anterior and posterior margins narrowly

black; disc with pair of spots on posterior third, broadly contiguous with posterior margin. Disc of elytron with sutural margin

and seven to eight distinct longitudinal vittae, black; or vittae more or less expanded and coalescent, but even darkest indivi-

duals with basomedial pale area, irregularly shaped pale lateral margin, and several short longitudinal pale vittae on disc.

Ventral surface dark rufous to piceous. Legs rufous with tarsi infuscate.

Dorsal surface of body densely punctate, punctures of pronotum and elytron with very short pale setae; head and pronotum

duU; elytron with sculpture lightly impressed, more shiny. Ventral surface uniformly and densely punctate, more or less

granular; metatibia with ventral face densely punctate.

Pronotum broadly rounded laterally, greatest width before broadly rounded and very obtuse hind angles; lateral bead narrow

but well defined. Elytron of both sexes with small, acute, subapical marginal tooth. Prosternum without medial file; pro-

sternal process broad and more or less flat, slightly raised medially. Metacoxal lines divergent anteriorly. Sternum 6 unmodi-

fied.

Male with articles 1 to 3 of protarsus dilated, without distinct adhesive scales beneath; protarsal claws (Fig. 85) elongate

and broadened, anterior claw conspicuously longer than posterior and more or less evenly arcuate from side. Aedeagus in

ventral view (Fig. 76) with sides tapered toward narrowly rounded apex; parameres lightly sclerotized.

Taxonomie notes. - F. Balfour-Browne (1940) has shown that in the British Isles, the forms

depressus and elegans represent the northern and southern ends, respectively, of a dine. Both

of these forms occur in Alberta, where they appear to be largely allopatric. No morphologically

intermediate specimens have been seen. The dividing line between the two is at about 55° to

56°N, an area in which there does not appear to be any marked climatic or geographical change.

However, H. elegans is represented north of this line at Lake Claire. Perhaps more extensive

collecting in central and northern Alberta will yield intermediate populations. Nonetheless, on

the basis of the present observations, I regard these two groups as vicarious species.

Zaitsev’s (1953) descriptions of H. elegans and H. depressus have the protarsal characters

confused.

Natural history notes. - Warm, slow, sand- or gravel-bottomed streams and the bare gravel
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or sandy shores of warm lakes are the usual habitats of this species. I collected specimens from

permanent creeks with large deposits of crustose salts along their banks, but not from distinctly

saline lakes. Thus, this is probably a fresh water species. Teneral specimens have been collected

from August 8 to September 14.

Distribution. - H. elegans is transcontinental in southern Canada, ranging south to North

Dakota and Utah. In Alberta, the species occurs north to Lesser Slave Lake and is perhaps iso-

lated in the Athabasca delta. I examined 209 specimens from Alberta localities (map. Fig. 382).

Hydroporus depressus (Fabricius, 1775)

Dytiscus depressus Fabricius, 1775; 233. (Type locality - unknown to me.) F. Balfour-Browne 1940; 228. - J. Balfour-

Browne 1948; 160. - Zaitsev 1953; 201.

Diagnosis. - Only males of this species are reliably distinguished from those of H. elegans,

by differences in protarsal claws and aedeagus.

Description. — Measurements of 20 specimens from northern Alberta are; TL - 4.56 to 5.48 mm (X = 4.94 ± 0.22 mm);

MW - 2.28 to 2.84 mm (X = 2.51 ± 0.16 mm);TL/MW - 1.80 to 2.14 (X = 1.97 ± 0.09).

Specimens tend to be slightly shorter than those of H. elegans, but the standard deviation associated with this measurement

is relatively large. Also, most specimens of H. depressus are darker in color than those of H. elegans but this character is sub-

ject to a great deal of variation. Microsculpture and punctation are similar in both species.

Pronotum tending to be less strongly rounded laterally and with maximum width more posteriorly than in H. elegans

specimens. Male with protarsal claws (Fig. 86) elongate and broadened, claws subequal; anterior claw strongly arcuate towards

apex. Aedeagus (Fig. 77) with apex broad and broadly rounded.

Taxonomie notes. — See above under//, elegans.

Natural history notes. — Specimens collected from a small creek 2 mi S Indian Cabins, Alta

were swimming over a bottom of pale clay in a light current near a culvert. A single specimen

was found in a clay-bottomed borrow-pit near Grimshaw, Alta.

Distribution. - According to J. Balfour-Browne (1948), this species is distributed in a “long

narrow finger across the boreal palaearctic into Siberia”. Perhaps the species is also widely

distributed in the boreal portions of the New World. I examined 28 North American specimens

from the following localities (Fig. 3 1 8 indicates those in Alberta).

ALBERTA; Waterways (Brown, CNC); 5 mi N Grimshaw (UC); Hwy. 35, 2 mi S Indian Cabins (UC).

NORTHWEST TERRITORIES; Hay River (Bryant, UASM); Aklavik (Bryant, UASM) (1 9).

Hydroporus striatellus LeConte, 1852

Hydroporus striatellus LeConte, 1852; 207. (Type locality - “San Francisco et San Diego”, California.) Melsheimer 1853; 32.

- LeConte 1855; 295. - LeConte 1858; 30. - LeConte 1863a; 16. - Gemminger and Harold 1868; 441. - Crotch 1873;

392. - LeConte 1878b; 466. - Sharp 1882; 435. - Horn 1894; 314. - Zimmermann 1919; 187. - Leng 1920; 78. -

Zimmermann 1920; 128. - Fall 1923; 106. - Hatch 1933b; 10. - Leech 1945b; 110. - Leech 1948b; 399. - LaRivers

1951; 401. - Hatch 1953; 212. - Leech and Chandler 1956; 319. - Anderson 1962; 61. - Wallis 1973; 106.

Hydroporus pulcher Motschoulsky 1859; 163. (Type locality - not given), not LeConte, 1855. Sharp 1882; 808.

Diagnosis. - Included are maculate specimens of small size, broadly oval in outline, each

elytron with one or more longitudinally impressed striae on disc.

Description. - Measurements of 20 specimens from Jasper National Park, are; TL - 3.80 to 4.32 mm (X = 4.06 ±0.13

mm); MW - 2.02 to 2.36 mm (X = 2.18 ± 0.09 mm); TL/MW - 1.76 to 1.92 (X = 1.86 ± 0.04).

Head black except transverse fascia on posterior margin of frons, and small medial anterior spot (on some specimens, these

pale areas expanded and confluent along midline), rufous; clypeus pale on some specimens; antenna with articles 1 to 3 or 4

testaceous, outer articles darkly infuscate, at least apicaUy; palpi testaceous, except terminal article of each palpus piceous,

penultimate article infuscate on some specimens. Pronotum with color various; some specimens entirely black, or usually

with post-medial longitudinal pale spot and pale area laterally on disc medial to piceous lateral bead. Elytron with color various,

from almost entirely black (even darkest individuals with testaceous spot at base medial to shoulder) to lateral margin pale

and disc with pale vittae, variously broken or transversely confluent; palest specimens with elytron more or less evenly testa-

ceous to pale brown, but at least sutural margin piceous. Epipleuron testaceous to black. Ventral surface piceous to black.

Legs piceous with apex of femora, and tibiae somewhat paler on most specimens.
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Dorsal surface of pronotum and elytron grayish, with short pale brown or golden setae; specimen appears unusually dark

if pubescence completely or partially removed.

Head with more or less evenly spaced irregular sized, coarse, punctures: interspaces coarsely reticulate. Pronotum medially

with numerous small but deep setiferous punctures, interspaces shiny, with sculpture more or less effaced. Elytron densely

and confluently punctate, interspaces shiny or with rudimentary sculpture. Ventral surface, including ventral face of meta-

femur, densely and more or less confluently punctate.

Pronotum broad, short; sides various, evenly rounded to almost straight; hind angles obtuse; lateral bead narrow but well

defined. Elytron short, broad, broadly rounded laterally; with evidently impressed sutural stria and most specimens with

one or two additional discal striae (on some specimens as many as five longitudinal discal striae). Prosternal process broadly

triangular in cross section, more or less flat dorsaUy with narrow medial carina. Metacoxal processes with hind margin incised

medially. Sternum 6 not modified. Male with protarsal claws slender and somewhat elongate but not conspicuously modified.

Aedeagus as in Figure 78.

Taxonomic notes. — This species varies markedly in both color and body outline, but no

geographical pattern is evident within the province.

Natural history notes. — Specimens are in running water, such as small pools near sources

of cold springs, pools in intermittent prairie creeks, beaver ponds, and in pools and eddies of

larger rivers. Also, many specimens were collected from shallow water along shorelines of cold

mountain lakes, often swimming over, or burrowing in, soft black organic silt. In rivers where

the bottom is well scoured, and clean lake shores, they are on a bottom of clean gravel. or clay.

The beetles remain active throughout winter, in springs that do not freeze. Teneral specimens

were collected from July 10 to August 4.

Distribution. — This species ranges widely in western North America, from Western Texas

and Mexico north to at least the southern Yukon Territory (Mile 627 Alaska Hwy., CARR),

and east to northern Manitoba. I examined more than 280 specimens from Alberta localities

(map. Fig. 383).

Hydroporus griseostriatus (DeGeer, 1774)

Dytiscus griseostriatiis DeGeer, 1774: 403. (Type locality — Sweden.) Aube 1836: 258. — Aube 1838: 541. — Mannerheim

1843: 220. - LeConte 1863a: 16. - Gemminger and Harold 1868: 434. - Crotch 1873: 393. - LeConte 1877: 108. ~

Sharp 1882: 434. - Wickham 1895a: 74. - Zimmermann 1919: 187. - Carr 1920: 3. - Leng 1920: 78. - Zimmermann

1920: 126. - FaU 1923: 107. - Brown 1930b: 236. - Hatch 1933b: 10. - Hatch 1938: 146. - LaRivers 1951: 401. -

Hatch 1953: 211. - Zatisev 1953: 195. - Leech and Chandler 1956: 319. - Anderson 1962: 61. - Gordon and Post

1965: 18. Wallis 1973: 106.

Hydroporus catascopium Say 1823b: 103. (Type locality - not stated, type lost.) Melsheimer 1853: 32. - LeConte 1855:

291. - LeConte 1859a: 36. - LeConte 1863a: 16.

Hydroporus parallelus Say, 1823a: 153. (Type locality - Missouri, type lost.) Melsheimer 1853: 32.

Hydroporus interruptus Say, 1834: 445. (Type locality - Pennsylvania, type lost.) (From LeConte 1859b: 560.)

Deronectes suffusus Sharp, 1882: 434. (Type locality -“North America”), not Fall 1917: 175.

Deronectes prosternalis Sharp, 1882: 434. (Type locality - “North America”.)

Hydroporus coloradensis FaU, 1923: 108. (Type locality - Copeland Res., Boulder Co., Colorado.) NEW SYNONYMY. -

Leng and Mutchler 1927: 16. Anderson 1962: 61.

Hydroporus mathiasi Hatch, 1933a: 22. (Type locahty - Austin Pass L., Mt. Baker, Washington.) Blackwelder 1939: 16. -

Hatch 1953: 211.

Diagnosis. — The elongate body, vittate maculations of elytron, absence of impressed longi-

tudinal striae on elytron, lack of lateral subapical elytral tooth, the anteriorly diverging meta-

coxal lines and densely punctate ventral surface of the body characterize this species. In the

field, specimens of griseostriatus can usually be recognized on the basis of the sickly sweet

odor they produce when they are picked up.

Description. - Measurements of 20 Alberta specimens are: TL - 4.30 to 5.20 mm (X = 4.86 ± 0.31 mm); MW - 2.08

to 2.68 mm (X = 2.43 ± 0.17 mm); TL/MW - 1.91 to 2.06 (X = 2.00 ± 0.03).

Head black except transverse bar on frons between posterior margins of eyes, and v-shaped area on clypeus and antero-

medial portion of frons, testaceous to bright rufous (these pale areas continuous along midline of frons on most specimens,

on some broadly so); antenna testaceous except articles 5 to 1 1 infuscate: palpi testaceous except terminal article of each

palpus infuscate. Pronotum testaceous to rufotestaceous except anterior and posterior borders narrowly piceous and disc

with pair of large piceous spots on basomedial region, spots on most specimens extended to hind margin and on some specimens.
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spots contiguous along mid-line and extended anteriorly to front margin. Elytron on palest specimens with sutural margin

and eight narrow longitudinal vittae on disc, black; most specimens with vittae broadened and variously contiguous, pale

areas restricted to humeral and lateral regions, and several discontinuous longitudinal pale vittae or some specimens with

entire disc piceous or almost so. Ventral surface mainly black. Legs rufous with pro- and mesotarsi and apex of metatarsal

articles infuscate; some specimens with base of femora darkened.

Pronotum and elytra densely covered with short, decumbent, pale setae. Disc of pronotum and elytron densely punctate,

interspaces with lightly impressed microsculpture; some specimens somewhat shiny. Ventral surface of body and ventral

surface of metafemur densely and contiguously punctate; microsculpture coarse and granular.

Pronotum with lateral bead narrow, well defined internally, of more or less equal width throughout, or slightly narrowed

anteriorly; lateral margin slightly but more or less evenly arcuate, greatest width at prominent but slightly obtuse hind angles.

Elytron without subapical lateral tooth; epipleuron disappearing behind lateral margin posterior to humeral angle. Metacoxal

lines divergent anteriorly (Fig. 44). Abdominal sternum 6 not modified. Male with protarsal articles 1 to 3 slightly broadened,

without small adhesive scales beneath; protarsal claws very slightly broadened and elongated, otherwise not modified. Aedeagus

as in Figure 79.

Taxonomic notes. — Specimens exhibit marked variation in color and size. A tendency is

indicated toward development of geographical races.

LeConte (1855) regarded Say’s species//, parallelus and H. interruptus to be conspecific

with H. catascopium Say, Zimmermann (1919) treated H. catascopium as a variety of the

species//, griseostriatus DeGeer. Zimmermann (1919) listed both of Sharp’s names, H. suffusus

and H. prosternalis, as junior synonyms of the name H. griseostriatus, and this synonymy was

confirmed by Fall (1923). Hatch (1953) listed H. mathiasi Hatch as a variety of H. griseostriatus.

I have tentatively placed the name H. coloradensis Fall as a junior synonym of H. griseostriatus,

because specimens whose character states approach Fall’s description of//, coloradensis occur

in mixed populations with more typical specimens of H. griseostriatus and with intermediate

forms. However, I have not examined the type, and Anderson (1962) treats H. coloradensis

as a valid species.

Natural history notes. - Specimens live in a wide variety of aquatic habitats, from small

barren pools along margins of ice fields and shores of cold alpine lakes, to gravel and clay

shore lines of foothill and prairie rivers and warm prairie ponds, but not usually in dense Carex

marshes or cold Sphagnum bogs. The common denominator in the various habitats appears

to be an at least partially clear inorganic clay or gravel bottom not densely covered with rooted

plants or plant debris. Many specimens were collected in flight from April 5 to May 30, and

during this period, specimens may turn up in almost any body of water. These beetles are

among the first dytiscids to become active in the spring, and specimens are often found along

margins of rivers during early stages of breakup. They are frequently found swimming in the

shallow layer of melt water that forms in the early spring over the still frozen ponds, and were

collected from beneath 30 inches of ice on Chestermere L. in March (UC).

Sisula (1971) studied the ecology of this species in small temporary, rain-water rock pools

on islands in the northern Baltic sea. In this area, the species was univoltine. The first larvae

appeared in the pools by the end of May, and each of the three larval instars lasted one to two

weeks. The larvae pupated on land. Pupal stage lasted three weeks after which the adult beetle

returned to the pools for the rest of the summer. Adults overwintered on land in litter, and

returned to the pools in the spring. In Alberta, outside the mountains, teneral specimens have

been collected from June 7 to July 8, hence if overwintering by adult beetles is the rule, the

larval stages are passed rather rapidly in the early spring.

The larva has been described by various authors including Xambeu (1891) and Bertrand

(1928), and F. Balfour-Browne (1940) presents a photograph.

Distribution. — This species has a circumpolar distribution. In North America, it occurs

from Labrador to Alaska and south to New Jersey, Arizona and California. The species is

probably throughout Alberta for it has been taken in Great Slave Lake, Northwest Territories.

However, it is probably uncommon in the boreal region of northern Alberta and I have not

seen Alberta specimens collected north of about 56°N. I examined more than 400 specimens
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from Alberta localities (map, Fig. 384).

Hydroponis spenceri (Leech, 1945)

Deronectes spenceri Leech, 1945b: 105. (Type - male, 13 Mile Lake, Dog Creek Road, NW of Clinton, B.C., in CNC.) Hatch

1953: 211.

Diagnosis. — Specimens are superficially very similar to those of H. griseostriatus DeGeer,

but can be recognized by much larger size and metacoxal lines narrowly separated and more

or less parallel anteriorly.

Description. - Measurements of 18 Alberta specimens are: TL -5.44 to 5.96 mm (X = 5.69 ± 0.16 mm); MW - 2.60 to

3.00 mm (X = 2.80 ± 0.11 mm); TL/MW - 1.94 to 2.10 (X = 2.03 ± 0.04).

Head testaceous except frons piceous along frontal fovea, medial to and behind eye, and along hind margin; antenna pale

with articles 5 or 6 to 1 1 infuscate, at least apicaUy; palpi pale, terminal article of each palpus infuscate. Pronotum pale except

posterior margin and pair of triangular spots on disc, piceous to black; elytron testaceous with sutural margin and eight elongate

vittae, piceous or black; vittae on most specimens separate and easily distinguishable but more or less fused in some specimens.

Ventral surface mainly black. Legs pale with pro- and mesotarsi infuscate.

Disc of pronotum and elytron clothed with fine golden setae. Head with dual punctation of numerous shallow umbihcate

punctures, and large sparse deep punctures along frontal fovea and posterior margin of frons, interspaces finely sculptured.

Pronotum and elytron with deep punctures smaller and denser than on head; interspaces with microsculpture finer. .Ventral

surface coarsely and more or less confluently punctate.

Epipleuron of elytron visible to humeral angle when examined in lateral view. Metacoxal hnes (Fig. 45) close, more or

less parallel with interspace punctate and setose. Metacoxal processes with posterior margin emarginate medially.

Male with sternum 6 concave medioapically, apex pointed and shortly deflected (female with evident or suggested modi-

fication but not so strong as that of male). Male metatrochanters ventraUy, and metafemora ventrahy and posterior, with

long pale setae. Male protarsal claws slightly elongate, anterior claw sUghtly broader and more arcuate than posterior. Aedeagus

(Fig. 80) more or less straight apicaUy: apex broad and narrowly emarginate in dorsal view, grooved apically on ventral surface.

Natural history notes. - Few specimens and no long series of this species were collected in

Alberta. Several teneral specimens (Aug. 2 to Sept. 17) indicate that the species breeds in

Alberta and is not just a migrant from the west. Most specimens were in shallow foothill ponds,

and do not appear to prefer saline water. However, Scudder (1969) calls this a “high salinity

species” and records it from lakes on the Fraser Plateau of British Columbia with surface con-

ductivities of 1,100 to 20,000 micromhos/cm.

Distribution. — This species ranges from south central British Columbia to southern Alberta,

and north to the southern Yukon (Watson L, CARR, UASM). It is widespread in southern

Alberta and is perhaps isolated in the Peace River area. I examined 24 specimens from Alberta

localities (map. Fig. 385).

Hydroponis qiiadrimaciilatus Horn, 1883

Hydroporus quadrimaculatus Horn, 1883: 284. (Type locality - western Nevada.) Leng 1920: 78. - Zimmermann 1920: 132.

- Fall 1923: 117. - Fall 1932: 145. - LaRivers 1951: 401. - Hatch 1953: 210. - Leech and Chandler 1956: 319.

Hydroponis brodei Gellerman, 1928: 63. (Type locahty - Walla Walla, Washington.) Hatch 1953: 210.

Diagnosis. — The characters presented in the key to species coupled with color are sufficient

to permit the recognition of this distinctive species.

Description. - Measurements of 20 Alberta specimens from Beaver Creek, Alberta are: TL - 3.64 to 3.96 mm (X = 3.80

± 0.08 mm); MW - 2.12 to 2.32 mm (X = 2.20 ± 0.05 mm); TL/MW - 1.70 to 1.76 (X = 1.73 ± 0.02).

Head rufotestaceous; antenna and palpi testaceous, without apical infuscation. Disc of pronotum rufous; basal and apical

borders broadly piceous, lateral border narrowly piceous on some specimens. Elytron dark brown to piceous except lateral

margin, large humeral spots on basal third, slightly smaller subapical spot, and small apical spot, pale rufous; epipleuron

testaceous. Ventral surface dark rufous with metasternal wings, metacoxal plates and basolateral areas of abdominal sterna,

piceous. Legs rufous.

Dorsal surface glabrous. Elytron with shallow large punctures basally, obsolete apically and laterally; interspaces with

numerous small micropunctures located at intersections of hnes of very fine microsculpture. Metacoxal plates with few large

irregularly situated punctures; ventral surface including epipleuron, densely micropunctate.

Pronotum with posterolateral angle somewhat produced behind, acute; lateral bead well defined, narrowed toward front
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angle: disc mediolaterally with lightly impressed longitudinal groove suggesting specimens of following seven species (Oreodytes):

base broadly and slightly produced medially. Prosternum without ridge and file; process short, very broad, more or less flat

with a slight longitudinal medial convexity. Metacoxal processes with hind margin conjointly sinuate (Fig. 43); metacoxal

lines slightly divergent anteriorly, interspace densely punctate, glabrous. Epipleuron visible to humeral angle in lateral view.

Female with abdominal sternum 6 produced posteromedially into narrow elongate apically rounded lobe; posterior margin

fringed with short setae; male sternum 6 unmodified. Metafemur with small sparse punctures, without linear arrangement

of medioventral punctures. Metatibia with group of slender erect setae on inner apical margin, best developed on male.

Male with articles 1 to 3 of protarsus slightly dilated, article 1 with four round adhesive scales beneath; protarsal claws

relatively long and slender but otherwise unmodified. Aedeagus (Fig. 75) robust basally, relatively short.

Taxonomic notes. — Fall (1932) treated the name H. brodei Gellerman as a synonym of

H. quadrimaculatus Horn. Hatch (1953) gave it subspecific ranking but does not present any

characters for separating H. brodei from the nominate subspecies.

The taxonomic position of this species is enigmatic. Various authors have placed it in the

subgenus Deronectes but many characters including glabrous dorsal surface of the body, punc-

tation of the metafemur and ventral surface, shape of the metacoxal process, and peculiar

elytral punctation mitigate against this. Perhaps it is more closely related to the subgenus

Oreodytes as was suggested by Fall (1932). Habitus, shape of pronotum, sublateral pronotal

impression, and modified 6th abdominal sternum of the female, lend credence to this. Perhaps

the species comprises a separate subgenus.

Natural history notes. — F. S. Carr collected several long series of this species from Beaver

Creek, Alberta, probably in the Castle River watershed, approximately 1 5 miles SW of Pincher

Creek. Beaver Creek is a small, low-gradient foothills stream with overhanging grassy banks

and the occasional bar or shoreline of gravel and clay. The single specimen that I collected

was under a stone on a gravel-clay bank of a slow warm stream (Groat Ck, 20 mi S Whitecourt).

Distribution. - This species ranges from western Nevada and northern California to south-

eastern British Columbia and Alberta. In Alberta, it is in the southwest foothills and is perhaps

isolated in the foothills of the northern Rocky Mountains. 1 examined 22 specimens from Al-

berta localities (map. Fig. 386).

Hydroporus snoqualmie Hatch, 1933

Hydropoms snoqiialmie Hatch, 1933a: 26. (Type locality - North Bend, Washington.) Hatch 1953: 214.

Diagnosis. - Combination of the following characters defines this species: elytral epipleuron

visible to humeral angle, broad pronotum, elongate shape, and usually brownish elytral markings.

Description. — Measurements and ratios of 20 specimens from southwestern Alberta are: TL - 3.44 to 3.84 mm (X = 3.60

± 0.11 mm); MW - 1.84 to 2.12 mm (X = 1.95 ± 0.08 mm);TL/MW - 1.79 to 1.91 (X = 1.85 ± 0.03).

Basic color of dorsal surface testaceous to pale brown. Head with elongate spot medial to each eye produced posteriorly

and internally, spots confluent basomediaUy; area behind each eye brown to piceous; antenna testaceous with articles 4 or 5

to 11 infuscate apically; palpi testaceous with terminal article of each palpus infuscate apically. Pronotum with anterior and

posterior margins narrowly brown to piceous; disc with two transverse maculations, each narrowly broken medially on most

specimens but longitudinally confluent laterally on many specimens. Elytron with sutural margin narrowly darkened; disc

with five or six discal vittae (vittae may be more or less confluent on many specimens) and two to three spots lateral to these;

color of vittae various, brown on most specimens but pale brown and barely contrasting with ground color of disc, to piceous

or very rarely black; epipleuron testaceous to piceous. Ventral surface brown to piceous or black. Legs piceous or brown with

femora apically, tibiae, and metatarsi mainly testaceous.

Punctation various: elytron very densely micropunctate, otherwise some specimens almost impunctate dorsally, others

with conspicuous dorsal punctures. Metacoxal plates with sculpture coarse and obscuring shallow punctures.

Pronotum at widest point broader than elytra across base (Fig. 120); sides broadly and evenly rounded, constricted shortly

before hind angle; hind angle varied, ranging from produced and more or less acute on some specimens to narrowly rounded

and slightly obtuse on others; lateral bead narrow and weakly delimited from disc. Elytron broadly rounded laterally with

maximum width about middle; lateral margin not produced into tooth; epipleuron visible to humeral angle in lateral view

(Fig. 118). Metacoxal lines evenly and gradually divergent: hind margin of metacoxal processes conjointly incised medially.

Protibia evenly widened towards apex, margins not or only slightly sinuate. Metatarsal article 1 with internal apical angle

produced.

Male anterior protarsal claw not modified; articles 1 of pro- and mesotarsal articles each with four small oval scales on ventral
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surface. Aedeagus as in Figure 125.

Taxonomic notes. — Although closely resembling the scituhis in habitus, structure of

the elytral epipleuron, metatarsal articles and male genitalia suggest that H. snoqualmie is more

closely related to H. laevis.

Natural history notes. — This species is often abundant along gravel or rocky shorelines of

subalpine lakes in southwestern Alberta. Long series were collected from Bertha Lake (5900'),

and Upper and Lower Twin Lakes (ca 6500') in Waterton National Park. At lower elevations

in the mountains, these beetles are usually found over gravel or silt bottoms of pools in clear

cool creeks and rivers. This species is confined primarily to the mountains and the headwaters

of rivers draining this area. In the lower foothills and adjacent prairies, H. snoqualmie is replaced

by H. seitulus LeConte which appears to be more tolerant of warmer turbid water and clay-

gravel substrates. Teneral specimens were collected from Aug. 9 to Aug. 27.

Distribution. — H. snoqualmie occurs in Washington, northern Idaho, southern British Colum-

bia and western Alberta north to the Athabasca drainage. I examined 208 specimens from Al-

berta localities (map. Fig. 387).

Hydroporus laevis Kirby, 1837

Hydroporus laevis Kirby, 1837: 67. (Type - male in BMNH labelled as follows: type: N. Amer. (55768a: Hydroporus laevis

Kirby, N. Amer. 5768, Rev. W. Kirby). LeConte 1850: 215. - Melsheimer 1853: 31. - LeConte 1855: 295. - LeConte

1863a: 16. - Zimmermann 1920: 131. - Hatch 1933a: 25. - Hatch 1953: 25.

Hydroporus duodecimlineatus LeConte, 1850: 214. (Type locaUty - Les Eerits, Lake Superior.) Melsheimer 1853: 32. -

LeConte 1855: 295. - LeConte 1863a: 16. - Gemminger and Harold 1868: 432. - Sharp 1882: 448. - Wickham 1895a:

75. - Zimmermann 1919: 190. - Leng 1920: 132. - Zimmermann 1920: 132. - Fall 1923: 113. - Fall 1926: 138. -

Hatch 1933a: 25. - Hatch 1953: 214. - Wallis 1973: 106.

Hydroporus alpinus Crotch, 1873: 391, not PaykuU, 1798.

Hydroporus semiclanis Fall, 1923: 113. (Type locality - Georgetown, Colorado.) - Fall 1926: 139. - Hatch 1933a: 27. -

Leng and Mutchler 1927: 17. - Leech and Chandler 1956: 319. - Anderson 1962: 65.

Hydroporus yukonensis Fall, 1926: 138. (Type locality - Dawson, Yukon Territories.) Hatch 1928: 221. - Leng and Mutchler

1933: 15.

Hydroporus recticollis Hatch, 1928: 220, not Fall, 1926.

Hydroporus hortense Hatch, 1933a: 27. (Type locality - North Bend, Washington.) NEW SYNONYMY. Hatch 1953: 214.

Diagnosis. ~ Specimens are recognized readily on the basis of key characters.

Description. - Measurements of two Alberta population samples are: Waterton National Park (N = 20): TL - 4.08 to

4.64 mm (X = 4.45 ±0.12 mm); MW - 2.12 to 2.44 mm (X = 2.28 ± 0.06 mm); TL/MW - 1.89 to 2.00 (X = 1.95 ± 0.03).

Canmore Alberta (N = 20): TL - 4.48 to 4.88 mm (X = 4.74 ± 0.09 mm); MW - 2.24 to 2.52 mm (X = 2.41 ± 0.08 mm);

TL/MW - 1.90 to 2.09 (X = 1.97 ± 0.04).

Dorsal surface of body pale yellow to testaceous. Head with large piceous spot medial to each eye, spots prolonged pos-

teriorly and medially on head and joined medially near hind margin in form of V-shaped mark; antennae testaceous, articles

5 to 1 1 infuscate: palpi testaceous except terminal article of each palpus infuscate apically. Pronotum with anterior margin

shghtly darkened, posterior margin narrowly piceous: disc with median transverse mark in basal third, mark extended to

lateral grooves and on many specimens narrowly broken medially at mid-line; lateral grooves darkened on many specimens

in form of longitudinal markings. Elytron with sutural margin piceous, disc with six longitudinal black vittae: vittae 1 and 3

and 4 to 6 connected apically on many specimens; most specimens with vittae 1 and 2 Joined by small spot at about basal

third; area lateral to vitta 6 with two elongate spots and sublateral depigmented line; epipleuron pale. Ventral surface piceous

to black. Legs testaceous with coxae, trochanters, basal two thirds of femora, extreme apex of tibia, and tarsi, brown to light

piceous.

Punctation highly varied among specimens.

Outline of body as in Figure 121. Shape of pronotum vaiious: m some specimens, narrower at base than elytra across

humeral angles hence lateral margin strongly discontinuous; other specimens with pronotal base and base of elytra equally wide;

side margin of pronotum evenly rounded laterally or in some specimens almost straight along basal half: hind angles prominent,

right angled to acute; lateral bead of uniform width or on some specimens slightly broadened toward base. Elytron with lateral

margin strongly ascendent to humeral angle, epipleuron visible to humeral angle in lateral view; female elytron with subapical

lateral tooth, various in shape, from short and blunt to slender and acutely pointed (the complete range of forms may be found

in a given population sample); apex of elytron sinuate inside tooth. P:rotibia (Fig. 123) gradually and evenly broadened from

base to apex, inner margin more or less straight. Metacoxal lines strongly divergent. Metatarsal article 1 with internal apical

angle strongly produced. Abdomen not inflated, not extended below plane of metasternum in lateral view; sterna not appreciably
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modified in either sex.

Male with protarsal claws slightly lengthened, broader than mesotarsal claws: articles 1 of pro- and mesotarsi each with

four small oval scales on ventral apical surface. Aedeagus as in Figure 126.

Taxonomic notes. — Variation is exhibited in the following characters; body outline (related

to width and degree of rounding of pronotum), size, color, punctation and development of the

elytral tooth on the female. Because of this, a large number of names have been proposed for

the various forms. I have not examined enough specimens to determine if any of this variation

shows a geographical basis.

The male type of H. laevis Kirby is like Alberta specimens. However, I have not examined

type material of the other names listed above as synonyms of H. laevis. In his revision of Hydro-

poms, Fall (1923) did not include the name H. laevis Kirby although he recognized H. duodecirn-

lineatiis LeConte from which he separated H. semiclanis Fall on the basis of length of male

protarsal claws. Fall ( 1 926) described H. yukonensis as very similar to H. duodecimlineatus.

Hatch (1933a) recognized the variation in this species and synonymized H. yukonensis with

H. semiclams, and later (1953) placed the name H. duodecimlineatus as a junior synonym of

H. laevis. Hatch ( 1933a) originally recognized the species H. hortense on punctation (an extreme-

ly variable character) and size. However, later (1953) he gave the length of hortense as 4.2 to

4.7 mm which is exactly within the size range of Alberta specimens. As the species H. hortense

is not characterized by any distinctive characters, I consider the name to be a junior synonym

of H. laevis.

Natural history notes. — Specimens that I collected were from cool or cold, silt- or gravel-

bottomed pools adjacent to cold, usually swift creeks and rivers. Many were collected from

quiet stretches along the shorelines of such streams. The species is frequently associated with

silt-laden water of glacial melt streams and bottoms of pools in which specimens occur are often

covered with glacial silt.

Distribution. — The known range of H. laevis is from Colorado and California to Great Slave

Lake (UC) and Alaska, and from Lake Superior to the Pacific. In Alberta, the species was col-

lected from the Rocky Mountains, Swan Hills and perhaps may occur in the northeast in the

Canadian Shield as it has been found in the adjacent portion of the Northwest Territories. I

examined 200 specimens from Alberta localities (map. Fig. 388).

Hydroporus alaskanus Fall, 1926

Hydroporus alaskanus FaU, 1926: 139. (Type locality - Skagway, Alaska.) Hatch 1928: 221. - Hatch 1933a: 25. - Leng

and Mutchler 1933: 15. - Hatch 1953: 214.

Hydroporus recticollis FaU, 1926: 140. (Type locality - Seward, Alaska.) NEW SYNONYMY. - Leng and Mutchler 1933:

15.

Hydroporus rainieri Hatch, 1928: 220. (Type locality - Mount Rainier, Washington.) NEW SYNONYMY. - Leng and Mutchler

1933: 15. - Hatch 1933a: 27. - Hatch 1953: 214.

Hydroporus kincaidi Hatch, 1928: 221. (Type locality - Mount Rainier, Washington.) Leng and Mutchler 1933: 15.

Hydroporus productotruncatus Hatch, 1944: 46. (Type locality - Fairmont, B.C.). NEW SYNONYMY. - Hatch 1953: 215.

Diagnosis. — In addition to characters given in the key to species, the inflated abdomen,

male genitalia and modified female sternum 6, characterize this species.

Description. - Measurements of 20 specimens from Crowsnest Summit, Alberta, are: TL - 4.80 to 5.40 mm (X = 5.15

±0.15 mm); MW - 2.32 to 2.60 mm (X = 2.49 ± 0.07 mm); TL/MW - 2.03 to 2.14 (X = 2.07 ± 0.03).

Body testaceous. Head with black inverted V on frons, and lateraUy behind eyes; antenna with outer articles infuscate;

terminal article of each palpus infuscate apicaliy. Pronotum with anterior and posterior borders narrowly margined with

piceous; disc with two transverse fasciae, on many specimens each fascia broken medially but fasciae continuous with each

other lateraUy. Elytron with sutural margin narrowly piceous; disc with six distinct longitudinal black vittae and two shorter

less distinct vittae mediolateral to these; vittae 1 and 2 on most specimens united by a black spot at basal third; epipleuron

piceous to black. Ventral surface mainly black. Legs testaceous: coxae, basal half to two thirds of femora, apex of tibia, and

tarsi infuscated.

Male with frons and disc of pronotum finely and shaUowly reticulate; punctation of dorsal surface fine and sparse. Female
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with sculpture coarser, finely granulate; Irons coarsely punctate between eyes. Elytral punctation coarser on female than on

male.

Outline of body as in Figure 122. Pronotum with lateral margin rounded in anterior half, more or less straight and parallel

sided in basal half or on some specimens slightly sinuate before right angled or more or less acute posterolateral angle. Elytra

elongate, parallel sided, maximum width at or before middle, strongly narrowed in apical third; male with apex rounded or

in some specimens subtruncate; female with side strongly sinuate shortly before apex and produced into more or less right

angled tooth; apex truncate; margin steeply ascendent to humeral angle; epipleuron visible to humeral angle in side view. Meta-

coxal lines strongly divergent medially, less so anteriorly. Abdomen inflated ventrally, extended to below plane of metasternum

when viewed from side; sterna 4 and 5 narrowly and shortly lobed medially; male sternum 6 slightly flattened medially; fe-

male with sternum 6 emaxginate medially when viewed from behind, apex narrowly produced and deflected downwards.

Protibia (Fig. 124) broadly expanded in distal half, inner margin strongly arcuate, outer margin more or less straight (best

developed in male). Inner apical angle of metatarsal article 1 not or only slightly produced. Aedeagus (Fig. 127) laterally

expanded towards apex.

Taxonomic notes. — Hatch (1933) synonymized the names//, kincaidi Hatch and H. rainieri

Hatch, and later (1953) suggested that H. productotruncatus Hatch may also be a synonym.

Fall’s descriptions of H. alaskaniis and H. recticollis are incomplete but both seem to apply to

the present species. Hatch ( 1928) separated H. rainieri from H. alaskanus on the basis of char-

acters not listed by Fall, and on other characters within the range of variation shown by speci-

mens of this species. Hatch ( 1933) states that H. dauricus Motschulsky (1860; 100) appears

to be very similar and differs primarily in the depth of the impression of the serial punctures

of the elytra. If these are conspecific, the name H. dauricus has priority.

The females of this species vary in degree to which abdominal sternum 6 is modified and

in shape of the elytral tooth. A female from Glacier, B.C. (CARR) has this very short and broad-

ly rounded, hence the elytra are not truncate apically.

Natural history notes. — Adults of H. alaskanus are usually in clear, often cold, water over

a gravel bottom. Most were collected in pools in gravel pits where the bottom was gravel and

silt but lacked conspicuous vegetation. I also found specimens in quiet shallow pools of small

creeks and in seepage-fed pools along margins of larger creeks and rivers. Teneral specimens

were collected on October 4 (CARR).

Distribution. — This species ranges from Alaska south to at least Washington and Alberta.

In Alberta, specimens were collected from the Rocky Mountains and adjacent foothills. I ex-

amined 131 specimens from Alberta localities (map, Fig. 389).

Hydroporus scitulus LeConte, 1855

Hydroporus scitulus LeConte, 1855: 295. (Type locality - Eagle Harbor, Lake Superior.) LeConte 1863a: 16. - Gemminger

and Harold 1868: 440. - Crotch 1873: 392. - Zimmermann 1919: 190. - Zimmermann 1920: 133. - Guignot, 1933:

429. - Hatch 1933a: 26. - Hatch 1953: 212. - WaUis 1973: 106.

Hydroporus septentrionalis auctorum not Gyllenhal, 1827. - Leng 1920: 78. - Fall 1923: 114. - Brown 1932b: 201. - Ander-

son 1962: 65.

Diagnosis. — Adults of this species closely resemble those of H. snoqualmie Hatch but differ

in the following ways: marks on frons inside of eyes separate throughout length and not con-

vergent and joined posteriorly; elytral vittae piceous or black in color; epipleuron disappearing

behind lateral margin of elytron posterior to level of humeral angle; and shape of male genitalia

different.

Description. - Measurements of 20 Alberta specimens are: TL - 3.32 to 3.88 mm (X = 3.62 ± 0.11 mm); MW - 1.72 to

2.08 mm (X = 1.92 ± 0.07 mm); TL/MW - 1.86 to 1.94 (X = 1.89 ± 0.02).

Dorsal surface testaceous to pale brown. Head with longitudinal piceous spot inside each eye, spots parallel and not conver-

gent posteriorly on frons; margin of eye and posterior margin of head, narrowly piceous; antenna testaceous with articles 5

to 11 infuscate apically; palpi testaceous, terminal article of each palpus infuscate apically. Pronotum with anterior and posterior

margins narrowly piceous, disc with two transverse fasciae on many specimens continuous with each other along lateral impres-

sion. Elytron with sutural margin and about eight longitudinal vittae, piceous or black; vittae 1 to 5 distinct, outer three vittae

irregular, fused or broken on many specimens: epipleuron piceous, paler inside humeral angle. Ventral surface piceous to black.

Legs pale with base of femora, apex of tibiae, and tarsal articles variously infuscate.
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Dorsal surface with fine granular microsculpture. Elytron densely micropunctate, punctures conspicuous on most specimens,

larger punctures various in development. Metacoxal plate with deep conspicuous punctures internally, punctures smaller and

more irregularly spaced externally. Intralineal space of metacoxa densely punctate.

Pronotum with sides evenly rounded, about as wide at base as elytra across humeral angles; posterolateral angle obtuse;

lateral bead very fine and shallowly delimited from disc. Prosternum without prominence and file. Epipleuron disappearing

behind lateral margin of elytron posterior to humeral angle when observed from side (Fig. 119). Metacoxal lines slightly di-

vergent anteriorly; processes conjointly with hind margin incised medially. Abdominal sterna not modified. Protibia evenly

widened toward apex. Male with anterior protarsal claw unmodified; protarsal articles slightly dilated, article 1 with four

small scales on ventral surface. Aedeagus as in Figure 128.

Taxonomic notes. — Because populations exhibit variation in maculation and punctation,

characters that have been used for separating Nearctic H. scitulus from Palaearctic H. septen-

trionalis, the taxonomic distinctiveness of these two forms has been questioned. Guignot (1933;

429) states that the genitalia differ, but did not state in what way. The aedeagus of a male of

H. septentrionalis (Cornwall, England (UC)), was slightly more arcuate and narrowed apically,

but was certainly very similar to that of Alberta specimens. For the present, I am treating these

two as separate species although additional study is required both to confirm the taxonomic

status of these forms and to determine the variation pattern of populations of H. scitulus.

Natural history notes. — Most specimens were in flowing water, especially in warm foothill

creeks and rivers. The beetles are found in the Rocky Mountains in Waterton Lakes National

Park, along lower lakes and slow, warmer streams. In general, //. snoqualmie replaces H. seitulus

in mountainous areas. Specimens are occasionally found in prairie rivers over silty gravel bottoms,

but not over extensive clay bottoms.

Matheson (1914) described the life history and larva.

Distribution. — This species is transcontinental in distribution. In Alberta, it is represented

in the foothills and adjacent prairies. I examined 280 specimens from Alberta localities (map.

Fig. 390).

Hydroporus rivalis Gyllenhal, 1827

Hydropoms rivalis Gyllenhal, 1827: 385. (Type locality - unknown to me.) Gemminger and Harold 1868: 440. - Zimmermann

1919: 191. - Leng 1920: 78. - FaU 1923: 119. - Hatch 1933a: 24. - Balfour-Browne 1940: 249. - Hatch 1953: 213.

- Zaitsev 1953: 186.

Diagnosis. — (Fig. 5). Small size, oval shape and vittate elytra characterize this and the fol-

lowing three species of Hydroporus. However, separation within this group is extremely diffi-

cult and is based almost entirely on differences in punctation and color. The key to species

summarizes the important diagnostic features.

Description. - Measurements of 20 Alberta specimens are: TF - 2.80 to 3.08 mm (X = 2.95 ± 0.08 mm); MW - 1.64

to 1.84 mm (X = 1.76 ± 0.06 mm); TF/MW - 1.61 to 1.72 (X = 1.68 ± 0.02).

Dorsal surface testaceous. Head with frons posteriorly and medially to each eye of many specimens, pale brown: eye very

narrowly ringed with brown or piceous; antenna testaceous except outer articles darkly infuscate; palpi testaceous with apical

article of each palpus infuscate. Pronotum with anterior border along medial emargination, posterior border medially, and

single medial transverse fascia, dark brown to piceous. Elytron with sutural margin and six or seven longitudinal vittae, piceous;

vittae 1 to 4 long and more or less complete but not extended to either basal or apical margins; vittae 5 to 7 short, 5 broken

on many specimens to form anterior and posterior spot, 6 and 7 short medial lines or spots, or may be fused; medial portions

of vittae 4, 5 and 6 expanded and more or less fused on many specimens. Ventral surface piceous to black. Tegs testaceous to

brown with at least apex of femora and tibiae medially, testaceous.

Dorsal surface finely punctate, elytral punctures conspicuously smaller than those forming serial lines on disc, and on most

specimens barely visible at 50 magnifications. Ventral surface relatively lightly punctate; metacoxa with punctures small, shallow

and inconspicuous against coarse sculpture of metacoxal plate, smaller than largest punctures along posterior lateral portions

of metasternal wings.

Body short and broad, oval in outline (Fig. 5). Fateral bead of pronotum very narrow and not conspicuously widened at

hind angle. Aedeagus as in Figure 129.

Taxonomie notes. - Forms that appear to be valid species in this group are very poorly

separated from one another primarily on slight differences in color and punctation. Also, certain

species have wide ranges over which they show a tendency to form geographical races. These
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factors together make it very difficult to define species limits and to correctly relate geograph-

ically separated populations. The problem of relationship between Palearctic and North Amer-

ican forms is similar to that shown by H. scitulus.

Natural history notes. - I collected adults of this species only from running water, in pools

and eddies along banks of cool, clear, foothill and mountain streams, over bottoms of gravel,

rock or hard clay. Tenerals were collected Aug. 29 to Oct. 19.

Distribution. - In North America, this Holarctic species is restricted to the west where it

has been recorded from Washington, Idaho and British Columbia. I examined 336 specimens

from Alberta localities (map. Fig. 391).

Hydroporus congruus LeConte, 1878

Hydroporus congruus LeConte, 1878b: 452. (Type locality - Florissant, Colorado.) - Zimmermann 1919: 191. - Leng

1920: 78. - Zimmermann 1920: 132. - Fall 1923: 120. - Leng and Mutchler 1927: 17. - Hatch 1933a: 24. - Hatch

1953: 213. - Anderson 1962: 64.

Diagnosis. — Adults of this species closely resemble those of H. rivalis Gyllenhal, but differ

primarily in smaller size, with elytral marks not extended as far anteriorly onto base, paler

in color and with strong tendency toward lateral fusion.

Description. - Measurements of 20 Alberta specimens are: TL — 2.56 to 2.88 mm (X =2.71 ± 0.08 mm); MW - 1.52

to 1.72 mm (X = 1.64 ± 0.05 mm); TL/MW - 1.62 to 1.71 (X = 1.65 ± 0.03).

Head and pronotum with ground color rufotestaceous to brown, elytron testaceous. Pronotum with anterior margin nar-

rowly piceous, lateral margins narrowly infuscate, disc with medial transverse piceous mark on some specimens, or more

commonly, medial mark poorly defined and entire disc between lateral impressions nebulously darkened. Elytron with sutural

margin narrowly piceous; discal vittae dark brown or rufopiceous, not piceous or black; origin of vittae well behind basal

margin; vittae 1 to 4 distinguishable but in many specimens broadly expanded and fused both basally and near apex; vittae

5 and 6 broad and on most specimens fused at least apically. Ventral surface piceous to black but piceous areas more expanded

than in related species; prosternal process, metepisternum, metacoxal process, and posterior margin of sterna 3 to 6, rufous

to piceous.

Elytron, aside from serial punctures, and sparse row of fine punctures along sutural margin, virtually impunctate (minute

sparse punctures visible at 5OX on some specimens). Entire face of metacoxal plate with small but conspicuous punctures

of more or less equal size, sculpture of metacoxal plate shallow.

Lateral margin of pronotum narrow and of equal width throughout length, not thickened at hind angle. Aedeagus as in

Figure 130.

Taxonomic notes. — Zimmermann (1919) placed H. congruus LeConte as a synonym of

H. rivalis Gyllenhal. Fall (1923) regarded H. congruus as a variety of the more western and

southern species H. obesus LeConte. I have not seen sufficient material from western North

America to venture an opinion on the relationship between H. congruus and H. obesus. How-

ever, Hatch (1933, 1953) is certainly correct in considering this species to be distinct from H.

rivalis.

Natural history notes. — Adults of this species are in pools and eddies of mountain and foot-

hill creeks and rivers, generally at higher levels of a watershed where they are often in association

with specimens of H. rivalis. However, H. congruus does not extend as far downstream into the

foothills as//, rivalis. Teneral specimens were collected on August 26 (Lundbreck, UASM).

Distribution. - This species was recorded from Montana, Utah, Washington and British Col-

umbia. I examined a few specimens from Colorado (Blue Mesa Res, CARR) and Wyoming
(South Pass City, CARR), and 87 specimens from Alberta localities (map. Fig. 392).

Hydroporus crassulus Fall, 1 923

Hydroporus crassulus Fall, 1923: 119. (Type locality - Western Montana.) Leng and Mutchler 1927: 17. - Hatch 1933a: 24.

- Hatch 1953: 213. — Anderson 1962: 65.

Diagnosis. - Adults of this species are similar to those of H. rivalis but differ in thicker marks,

coarse punctation, and inflated bead of posterior lateral angles of the pronotum.
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Description. - Measurements of 14 Alberta specimens are; TL - 2.92 to 3.12 mm (X = 3.04 ± 0.07 mm); MW - 1.72

to 1.88 mm (X = 1.81 ± 0.04 mm); TL/MW - 1.65 to 1.70 (X = 1.68 ± 0.02).

Color very similar to that of H. rivalis Gyllenhal, with ground color more brown and marks black and thicker. Pronotum

with lateral margins narrowly piceous, some specimens with medial transverse maculation extended anteriorly and joined to

anterior piceous border.

Elytron distinctly punctate, punctures subequal to or larger than serial punctures. Metacoxal plate strongly punctate,

punctures of more or less equal size and only slightly smaller than those along hind margin of metasternal wing.

Pronotum with lateral bead broadened along basal half, distinctly inflated Just anterior to posterolateral angle. Lateral margin

of elytron relatively strongly ascending to humeral angle.

Taxonomic notes. — Geographical variation in pattern of maculation is exhibited. Alberta

specimens generally possess distinct separated elytral vittae, but to the west (Oregon, Idaho

and adjacent British Columbia) and to the south (Colorado) the vittae tend not to extend as

far forward on the elytral base and are more or less expanded and laterally continuous near

the middle of the elytron and again toward the apex, thereby producing two irregular trans-

verse fasciae on each elytron. Two specimens from Creston, B.C. (CARR) are intermediate in

elytral pattern. However, the punctation and the inflation of the posterior lateral angle of the

pronotum remain stable over the range of specimens that I have examined.

Natural history notes. — Adults are in foothill creeks and rivers, in eddies and pools over

gravel or hard clay bottoms, at lower levels of a drainage system than adults of H. rivalis.

Probably populations of H. crassulus are in the Cypress Hills because of tolerance for warm

and silty water.

Distribution. — This species occurs from Colorado (CARR!) and Utah to British Columbia

and western Alberta. I examined 73 specimens from Alberta localities (map. Fig. 393).

Hydroporus angustior Hatch, 1928

Hydroporus angustior Hatch, 1928: 221. (Type locality - Renton, Washington.) Leng and Mutchler 1933: 15. - Hatch 1933a:

24. - Hatch 1933b: 15.

Diagnosis. — Adults of this species resemble those of the preceding three species but are

characterized as follows; pronotum with apical and basal margins piceous; disc with short

transverse subapical mark (narrowly separated from or continuous with front margin) and

on many specimens medially divided posterior transverse mark continuous with hind margin.

Elytron with origin of vittae posteriorly to basal quarter; vittae 1 and 2 broken medially; vittae

with tendency towards lateral fusion. Elytral disc basally and medially with large coarse punc-

tures, sparser and finer or even obsolete laterally and apically; metacoxal plate internally and

anteriorly with large punctures, these smaller posteriorly and externally; pronotal bead narrow,

not conspicuously broadened at hind angle.

Taxonomic notes. - Specimens of H. angustior have not yet been collected in Alberta. How-

ever, they have been collected at Elko, British Columbia (CARR) and hence may occur in the

Crowsnest Pass area of Alberta.

Genus Laccornis Des Gozis, 1914

Laccornis Des Gozis, 1914: 111. (Type species - the Emopem Hydroporus oblongus Stephens, by monotypy.)

Agaporus Zimmermann, 1919: 192. (Type species - Hydroporus oblongus Stephens, by monotypy.)

The members of this small hydroporine genus possess a rather distinctive appearance clearly

distinguishing them from members of Hydroporus. In spite of this, the species of Laecornis

possess few unique features in common diagnostic of the genus. Leech ( 1 940) concluded that

the best character for separating members of this genus from those of Hydroporus is the relative

position of the metacoxal lobes and the base of the metafemur. In Laccornis, the base of the

metafemur attains the metacoxal lobe or almost so, while in specimens of Hydroporus the
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metafemur is separated from the metacoxal lobe by a distinct gap. The following generic de-

scription refers to the two Alberta members of the genus.

Description. - Hydroporinae of relatively large size: body attenuate: ventral surface somewhat flattened, dorsal surface

broadly convex. Clypeus with single anteromedial fovea or group of contiguous deep punctures. Pronotum with lateral bead

well defined; mediobasal lobe short and broad. Prosternal process very broad, short and rounded apically, variously convex

medially; lateral margins broadly margined behind procoxa, narrowed towards apex: prosternal prominence well developed,

without file; prosternum with lateral portions broadly inflated in front of procoxae. Metasternum anteriorly shortly flattened.

Elytron elongate; epipleuron more or less horizontal and largely hidden in side view. Metacoxal processes with hind margin

conjointly sinuate, medial projection along midline not extended as far posteriorly as level of posterior lateral angle of coxal

lobe. Metafemur extended to metacoxal lobe or only very narrowly separated from it.

Male with articles 3 to 7 of antenna dilated; article 3 triangular in shape, narrower than 4; 4 broad and more or less quad-

rate; 5 to 7 progressively narrower: 3 to 7 with ventral surface flattened or even partially concave and coarsely sculptured.

Articles 1 to 3 of pro- and mesotarsus dilated, each bearing several elongate adhesive scales on ventral surface: anterior pro-

tarsal claw modified (ventrally toothed in the two Alberta species). Mesotrochanter and mesofemur with hind margin fringed

with elongate golden setae: metafemur with posterior dorsal margin bearing a row of shorter pale setae. Sternum 6 with medial

longitudinal impression. Aedeagus with apex recurved or reflexed ventrally.

The members of this genus have a range which in aggregate is Holarctic. Two South American

species have been assigned to this genus but their placement has to be confirmed.

Leech (1940) presented a key to the North American species of the genus and illustrated

the male genitalia of four of the five included species. Watts (1970) described the larva of L.

conoideus LeConte.

Key to Alberta species of Laccornis Des Gozis

1 Elytron with coarse, irregularly distributed punctures; punctures varied in size and

interspaces with somewhat more numerous fine punctures; aedeagus as in Figure 131

L. conoideus (LeConte), p. 326

1’ Elytron with coarse punctures more or less evenly spaced and separated by about

twice their own diameters; interspaces with about equally numerous fine punctures;

aedeagus as in Figure 132 L. padficus Leech, p. 327

Laccornis conoideus (LeConte, 1850)

Hydroporus conoideus LeConte, 1850: 216. (Type locality - Eagle Harbour, Lake Superior.) - Melsheimer 1853: 32. -

LeConte 1863a: 16. - Gemminger and Harold 1868: 430. - Crotch 1873: 396. - Carr 1920: 4. - Leng 1920: 74. -

Fall 1923: 122. - Leng and Mutchler 1927: 17. - Leech 1940: 124, 125. - Blackwelder 1948: 4. - Hatch 1953: 215.

- Wallis 1973: 106.

Hydroporus oblongus Sharp, 1882: 485, not Stephens.

Diagnosis. — The diagnostic characters are presented in the key to species.

Description. - Measurements of 20 specimens collected 8 mi W Calgary, Alberta, are: TL - 4.56 to 5.08 mm (X = 4.85

± 0.14 mm); MW - 2.24 to 2.48 mm (X = 2.37 ± 0.08 mm); TL/MW - 2.00 to 2.09 (X = 2.04 ± 0.03).

Head rufous anteriorly, darkened to piceous towards posterior margin; antenna rufous with apex of articles 3 to 11 piceous;

palpi rufous, terminal article of maxillary palpus infuscate apically. Pronotum with disc dark rufous to piceous or black, lateral

and basal margins paler, rufous. Elytron pale brown to rufous laterally and basally, darkened toward apex. Ventral surface

mainly black. Legs rufous, with femora medially slightly darkened.

Dorsal surface finely reticulate. Disc of pronotum and elytron with large punctures with only very short inconspicuous

setae. Head flnely punctate, punctures irregular in size and distribution. Pronotum marginally coarsely punctate, punctures

smaller and irregular on disc. Elytron with coarse irregularly distributed punctures, varying in size; interspaces with somewhat

more numerous fine punctures. Metacoxal plate with coarse irregular punctation, denser and more or less confluent externally.

Abdominal sterna very finely and sparsely punctate, finely strigate.

Prosternal process short, broad, broadly rounded apically: surface lowly but broadly and evenly convex in cross section.

Structural characters and male secondary sexual characters as in generic description. Aedeagus with reflexed apex broad

and rounded, spatulate (Fig. 131).

Natural history notes. — This species is abundant in ponds in rolling moraine with dominant

vegetation of the area aspen and willows and in the open areas, rough fescue grass. The ponds,

generally dry by July or August of most years, are fed by snowmelt, and are in small basins ringed

with aspen and usually completely filled with Carex.
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The species is found throughout the parkland and boreal portions of the province, where

specimens are in shallow bodies of water among dense stands of Carex or in Carex-Sphagnum

bogs, often in heavily shaded water that remains very cold. Teneral specimens were collected

from July 7 to August 29.

Distribution. — Leech (1940) records the range as New York and Massachusetts to Alberta.

The southern and northern limits are unknown but the species is probably restricted mainly

to the boreal portions of the continent. In Alberta, the species ranges throughout the forested

portions of the north, and south along the mountains to the Old Man River. It has not been

taken in the Cypress Hills. I examined more than 200 specimens from the Alberta localities

indicated in Figure 394.

Laccornis pacificus Leech, 1 940

Laccornis pacificus Leech, 1940; 123. (Type locality - Salmon Arm, B.C.) Blackwelder 1948: 4. - Hatch 1953:215.

Diagnosis. - Specimens are very similar to those of L. conoideus but differ in the more

regular punctation of the elytron and narrower reflexed apex of the aedeagus.

Description. - Measurements of 4 specimens from southwestern Alberta, are; TL - 4.52 to 4.84 mm (X = 4.66 mm);

MW - 2.08 to 2.24 mm (X = 2.18 mm); TL/MW - 2.09 to 2.19 (X = 2.13).

Color as in L. conoideus or slightly paler; antennal articles not so distinctly infuscate. Punctation of body similar to that

of L. conoideus adult with head and pronotum more densely and slightly more coarsely punctate: coarse punctures of elytron

more numerous, more or less evenly spaced and separated by about twice their own diameters; interspaces with equally

numerous small punctures. Aedeagus (Fig. 132) with reflexed apex relatively narrow, tongue-shaped and not spatulate.

Taxonomic notes. — This, andL. conoideus, are an east-west pair of vicarious species. Al-

though the ranges of the two species very closely approach one another in southwestern Alberta

there is no evidence of sympatry nor of intergradation in diagnostic characters.

Natural history notes. - I collected specimens among emergent Carex in small moss-ringed

pools in an area densely forested with willow and the occasional spruce tree. Leech (1940)

collected specimens commonly in a small weedy meadow pond.

Distribution. — The range of L. pacificus includes Washington, southern British Columbia,

and extreme southwestern Alberta. I examined 10 specimens from Alberta localities (map.

Fig. 395).

Subfamily Colymbetinae

This subfamily is a very diverse group of medium-sized dytiscids, distinguished from mem-
bers of Laccophilinae and Hydroporinae, by the visible scutellum, and from members of the

Dytiscinae by emargination of the anterior margin of the eye.

Description. - Size moderate, TL - 5.4 to 20.0 mm. Color and sculpture various. Body asetose. Eye with anterior margin

emarginate above base of antenna. Mentum without acute medial tooth. Prosternum and its process in same plane, or apex

of process shghtly deflected upward behind procoxae. Scutellum visible. Metepisternum extended to mesocoxal cavity. Legs

various, generally slenderer than those of members of Dytiscinae; metatibia of male with natatorial setae along posterior

margin (except females of Coptotomus longulus and Ilybius discedens), with or without bifid setae; tarsi distinctly composed

of five articles; male with articles 1 to 3 of protarsus dilated but not together in form of round pallette. Male genitalia various:

parameres not broadly united dorsally by membrane. Female with ovipositor various.

Genus Agabus Leach, 1817

Agabus Leach, 1817: 68. (Type species - Dytiscus serricornis PaykuU, 1799, by monotypy.)

Necticus Hope, 1838; 168. (Type species - not designated.)

Anisomera LeConte, 1853: 226. (Type species - A. cordata LeConte by monotypy.) Not Brink.

Acatodes Thomson, 1860; 53. (Type species - Dytiscus fuscipennis Payk., 1798, by monotypy.)

Eriglenus Thomson, 1860: 55. (Type species - Dytiscus labiatus Brahm (Zaitsev, 1953: 284).)
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Gaurodytes Thomson, 1860: 57. (Type species — Dytiscus guttatus Paykull, 1798 (Crotch, 1873: 414).)

Arctodytes Thomson, 1874: 541. (Type species — Dytiscus elongatus Gyll., by monotypy.)

Ilybiosoma Crotch, 1873: 413. (Type species - Ilybius regularis LeConte, original designation.)

Dichodytes Thomson, 1886: x. (Type species not designated.)

Xanthodytes Seidlitz, 1891: 89. (Type species not designated.)

Scytodytes Seidlitz, 1891: 89. (Type species not designated.)

Heteronychus Seidlitz, 1891: 89. (Type species - Agabus coxalis Sharp, by monotypy.)

Apator Semenov, 1899: 512. (Type species - Agabus kessleri Hochhuth, 1871 (= Colymbetes bifarius Kirby) (Leech 1942,

358).)

Anagabus Jakowlew, 1897: 38. (Type species not designated.)

Hydronebrius Jakowlew, 1897: 39. (Type species - Gaurodytes cordaticollis Reitter, by monotypy.)

Asternus Guignot, 1931: 203. (Type species - Dytiscus chalconotus Panzer, original designation.)

Agabinectes Guignot, 1931: 203. (Type species - Dytiscus brunneus Fabricius, original designation.)

Parasternus Guignot, 1936: 186. (Type species - Agabus subtilis Erichson, original designation.)

Nebriogabus Guignot, 1936: 186. (Type species - Agabus discicollis Ancey, original designation.)

Dichonectes Guignot, 1947: 171. (Not seen - from Zaitsev, 1953: 226.)

The genus Agabus, in its broadest sense is second in diversity only to Hydroporus in the

Alberta dytiscid fauna. Its members are rather undistinguished dytiscids of a more or less uni-

form habitus, moderate size (5.4 to 11.1 mm), and usually somber color, although some speci-

mens are maculate.

The Alberta species possess the following combination of characters in addition to those common to aU members of

the subfamily Colymbetinae: anterolateral fovea of clypeus elongate, in many specimens continuous along anterior margin

of clypeus in form of very fine bead; palpi unmodified, terminal article of each palpus entire; pronotum margined laterally;

metacoxal process lobed, lobe covering base of trochanter; metafemur ventrally bearing a short row of stout setae near

posterior apical angle (Fig. 142); posterior (dorsal) face of metatibia without bifid setae; metatarsal articles not or only

very slightly lobed at posterior external angle; metatarsal claws equal or if slightly unequal in length, claws very short; male

articles 1 to 3 of pro- and mesotarsi moderately dilated or not, with glandular setae or small scales beneath; parameres

symmetrical, setose apically but without suctorial setae, of various forms but not with long stylus-like apex; aedeagus

various; female stylus rounded, short, relatively lightly sclerotized and setose, not adapted for piercing or cutting.

Determination of some Agabus adults, especially females, is very difficult because of the

large number of included species, great similarity between certain ones and individual variation

of certain characters. For example, identification of some species, especially those near congener,

depends upon use of several characters, together, any one of which is subject to sufficient intra-

or interpopulation variation to prohibit it alone from being a reliable diagnostic character. Be-

cause of this, recognition of certain species is a matter of personal opinion, when only structural

characters of adults are used. Perhaps a detailed study of interpopulation variation and geograph-

ical relationships of the variants would help place definition of taxa on a more objective basis.

The single most important external character for species recognition is elytral microsculpture

which varies throughout the genus in the following ways: depth of impression of lines; relative

size and shape of adjacent meshes; punctation of lines and meshes; presence of secondary sculp-

ture within larger and coarser meshes of the primary sculpture; and in orientation or stretching

of meshes. Sculpture is sexually dimorphic (for example in the species punctulatus, nectris,

lutosus, etc.), individually varying {bifarius) or very constant in a given species.

A character introduced here is presence or absence of a fine anterior marginal bead on the

clypeus. Adults of most species of Dytiscids possess a small impression or fovea near the anterolateral

angle of the clypeus. In most species ofAgabus, this impression is located very near the anterior mar-

gin of the clypeus and is prolonged along this margin, separated from it by only a very narrow

convex bead, which is either complete across the entire width of the clypeus or widely broken

at the middle. On some specimens this character may be difficult to interpret either because of

fineness of the bead or because it is unusually indistinctly developed. The clypeal groove is

distinct and relatively broad laterally, and hence can be easily seen, thereby providing a refer-
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ence point from which the bead can be traced toward the middle. In some species, in which

the bead is usually complete, the line is broken irregularly but is almost always clearly traceable

by a series of narrowly separated elongate punctures. In those species^ in which the bead is

considered to be broken medially, the width of the break is at least 1/3 the total width of the

anterior clypeal margin.

Relative width of metacoxa to metasternum when measured along the same line (see Fig.

133 for position of measurement) at a point of closest approximation of metacoxa to meso-

coxal plate is useful for recognition of certain species, but other species show a high degree

of individual variation. Jackson (1956) showed that certain species are dimorphic in develop-

ment of the metasternal wing, and in at least one species, A. raffrayi Sharp, metasternal wing

width is related to development of flight muscles and in turn, to the ability to fly. Values for

this ratio are presented in each species description.

Degree of convexity and length of the prosternal process, in addition to size and shape of

the metasternal emargination of the anterior medial margin, provide valuable characters for

species recognition. However, these characters tend to be gradational, and have been used

sparingly. Similarly, another character used extensively by Fall (1922) and others, punctation

of the ventral posterior margin of the metatibia, is gradational and individually varying. How-

ever, in certain instances it is useful.

Male characters are decisive for recognition of most species. Useful ones are: dilation and

ventral vestiture of pro- and mesotarsal articles 1 to 3; shape of protarsal article 5; protarsal

claws; aedeagus, and shape and vestiture of the parameres. With few exceptions, the male

genitalia appear to provide a good basis upon which to build a classification of the species of

Agabus.

The last complete treatment of the North American fauna of Agabus was Fall’s (1922) re-

vision, excellent for the most part. However, the key is based mainly on gradational or indivi-

dually varying characters (shape of prosternal process, punctation of metatibia) and therefore

requires considerable experience to use it successfully. Also, since Fall’s revision, a number

of additional species, primarily from western and northern North America, have been described,

many of which are mentioned in the appropriate sections below, even if they have not been

recorded from Alberta.

Diversity of Agabus and divergence of species included in it have led many taxonomists to

attempt division into smaller more homogeneous groups of generic or subgeneric rank. Balfour-

Browne (1950) describes the history of such attempts. Without a widely accepted classification,

arrangement of species reflects my views on relationships within the genus.

Most species of Agabus live in shallow water along the margins of standing, often quite small

and temporary, bodies of water where the emergent vegetation or detritus is very dense. How-

ever, certain species are almost exclusively restricted to running water, from small seepages

and springs to margins of large creeks and rivers. At least one species is regularly found in emer-

gent patches of Carex along lake shores where wave action is not too strong. These insects

overwinter as eggs, larvae or adults, depending upon the species. The larvae of the following

North American species have been described: A. erichsoni Gemminger and Harold (James,

1970); A. antennatus Leech, A. bifarius Kirby, A. discolor Harris and A. ontarionis Fall (Watts,

1970); A. congener Thunbg. (Bertrand, 1928; Guignot, 1933).

Key to Alberta species of Agabus Leach

1 Pronotum and elytron with aciculate sculpture (Fig. 322, 323, 324), i.e., more or

less separated deeply impressed lines, in addition to fine isodiametric sculpture; lines

longitudinal in orientation on pronotum and base of elytron, transverse on lateral

Quaest. Ent., 1975, 1 1 (3)
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and apical portions of elytron; wing of many specimens without reflexed apex . . .

A. bifarius (Kirby), p. 367

Sculpture various but not aciculate, lines in form of definite meshes: wing full, with

reflexed apex 2

Metacoxa large, anterior margin laterally extended to level of hind margin of meso-

coxa: antenna of male clavate 3

Metacoxa smaller, anterior margin not extended forward to level of hind margin of

mesocoxa; antenna of male not clavate 4

Prosternal process triangular in cross section, produced medially into sharp longi-

tudinal keel; ventral surface of male protrochanter and profemur with dense brush

of setae; male protarsal article 5 straight ventrally: arctic species

A. verus Brown*

Prosternal process markedly convex in cross section, narrowly but smoothly rounded

and not in form of sharp keel: male protrochanter and femur without ventral brush

of setae; male protarsal article 5 with small medial ventral tooth

A. antennatus Leech, p. 368

Anterior margin of clypeus with complete although very narrow bead (Fig. 279)

(if discontinuous, bead broken irregularly or shortly, usually near middle, and not

discontinuous for more than 0.25 of its total length) 14

Anterior clypeal bead restricted to lateral portion and broken medially by gap equal

to at least 0.33 width of clypeus at anterior margin (Fig. 278) (on some specimens

this space with several isolated punctures) 5

Pronotum subcordate (Fig. 134); maximum width near middle, side constricted to-

wards base and sinuate before hind angle A. bjorkmanae Hatch, p. 336

Maximum width of pronotum at or slightly before hind angle, or if near middle,

hind angle broadly rounded and obtuse 6

Metatarsal articles 1 to 3 each with from one to three large punctures on dorsomed-

ial surface; pronotum with lateral margin sinuate at front angle (Fig. 136); large,

black A. erichsoni G. & H., p. 340

Metatarsal articles impunctate dorsally or with numerous minute punctures; without

above combination of characters . 7

Pronotum with posterolateral angle broadly rounded and obtuse; metasternum be-

tween mesocoxae shortly impressed; prosternal process short, bluntly pointed and

somewhat deflected upward behind procoxae 8

Pronotum with posterolateral angle more or less right angled or only narrowly round-

ed at apex; metasternum between mesocoxae with distinct V- or U-shaped impression

11

TL greater than 7.5 mm 9

TL less than 7.0 mm 10

Ratio WC/WS less than 1.90 (Pacific Coast) A. confertus LeConte*

Ratio WC/WS greater than 2.20 A. pseudoconfertus Wallis, p. 337

Ratio WC/WS greater than 2.30; pronotum with sides rounded basally, more or less

straight and convergent anteriorly A. kenaiensis Fall, p. 338

Ratio WC/WS less than 1.90; pronotum with sides evenly rounded

A. verisimilis Brown, p. 339

Lateral bead of pronotum broad, subequal in width to maximum width of antennal

article 3 12

Species not known from Alberta: not treated further.
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1 1
’ Lateral bead of pronotum narrow, about one half maximum width of antennal article

3 13

12(1 1) Pronotum with lateral bead abruptly truncate behind narrow, acutely protruding

front angle (Fig. 137); body brown to piceous; male with anterior protarsal claw

(Fig. 153) very broad with apex obliquely truncate

A. triton Fall, in part, p. 343

12’ Pronotum with lateral bead evenly produced on front angle: body black: male an-

terior protarsal claw with large ventral tooth

A. falli (Zimmermann), in part, p. 342

13(11’) Prosternal process long, apex sharply pointed: anteromedial metasternal impression

well developed and extended posteriorly to level of inner posterior margin of meso-

coxal cavity A. seriatus (Say), p. 335

13’ Prosternal process short, apex bluntly pointed; anterior metasternal impression be-

tween mesocoxae short and not extended to level of inner posterior margin of meso-

coxal cavity A. hypomelas Mannerheim, p. 339

14 (4) Elytron testaceous to pale brown with four or five black longitudinal vittae on disc

A. disintegratiis (Crotch)*

14’ Color of elytron various but not pale with dark longitudinal vittae 15

15(14’) Prosternal process flat or slightly concave in basal half . . 16

1
5’ Prosternal process various but more or less convex in basal half 17

16(15) Elytron with lines of sculpture deeply impressed, in form of coarse meshes of very

unequal size and shape (Fig. 301); pronotum pale rufous with anterior and posterior

margins bordered with black medially (on some specimens black marks expanded

and confluent along midline of pronotum); male with protarsal article 5 straight

ventrally A. arcticus p. 351

16’ Elytral sculpture of small rounded more or less equal sized meshes (Fig. 303); pro-

notum black with lateral bead narrowly rufous; male protarsal article 5 with ventral

tooth A. elongatiis Gyllenhal, p. 355

17(15’) Pronotum with lateral bead broad, abruptly truncate behind narrow acutely' pro-

truding front angle (Fig. 137); male with anterior protarsal claw very broad, apex

obliquely truncate (Fig. 153) A. triton Fall, (in part), p. 343

17’ Lateral bead of pronotum and male protarsal claw not as above 18

18(17’) Metatibia with punctures along posteroventral margin confluent, in form of more

or less continuous groove; lines of primary sculpture deeply impressed, meshes large

and on most specimens longitudinally stretched on at least anteromedial portion

of pronotum; meshes on elytron with at least suggested secondary reticulation (Fig.

298, 299, 300) 19

1
8’ Metatibia with posteroventral margin impunctate; if punctate, punctures separated

from one another by distinct convexity and together not in form of continuous

groove: sculpture various 20

19(18) Pronotum brown with medial transverse piceous fascia (expanded or not over most

of disc): epipleuron brown: ratio WC/WS 2.2 to 2.7 A. tristis Aube, p. 349

19’ Pronotum black with lateral bead rufous to piceous: epipleuron black with external

humeral margin rufous: ratio WC/WS 1 .8 to 2. 1 . . .A. leptapsis (LeConte), p. 350

20(18’) Body black with at most lateral margins of pronotum and elytron narrowly piceous,

elytron with pale sublateral medial vitta; elytral sculpture fine, meshes rounded and

more or less isodiametric (Fig. 287); metasternum with anteromedial emargination

* Species not known from Alberta: not treated further.
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short, not extended to level of hind margin of mesocoxa; male abdominal sternum

3 mediolaterally with series of oblique ridges, male anterior protarsal claw with ven-

tral tooth A. semipunctatus (Kirby), p. 341

Without above combination of characters: male without oblique ridges on sternum

3 21

Elytral sculpture more or less equal sized meshes small, rounded or hexagonal, (punc-

tate meshes larger than adjacent nonpunctate ones); male with anterior protarsal

claw without tooth 22

Elytron with sculpture various, meshes irregular in size and shape; male anterior

protarsal claw toothed or not 29

Pronotum with anterolateral portion of disc flat or evenly and gradually convex med-

ially to lateral bead; prosternal process strongly convex, more or less carinate or an-

gulate 23

Pronotum with anterolateral portion of disc inflated and distinctly convex medial

to lateral bead; prosternal process evenly and smoothly convex in cross section . . .

26

Metacoxae with intralineal space scabrous, with numerous longitudinal rugae: meta-

coxal process (when viewed from behind) with hind margin slightly inflated medially

to posterolateral emargination A. infuscatus Aube, p. 353

Metacoxae with intralineal space smooth or punctate, not longitudinally rugose or

scabrous; metacoxal process with hind margin not swollen but convexly arched on

some specimens 24

Pronotum black with at most lateral margins narrowly rufous; sculpture of elytron

very fine (Fig. 314); metatibia with ventral surface impunctate medially

A. confinis (Gyllenhal), p. 361

Pronotum rufous to dark brown, not black; elytron with sculpture coarser (Fig. 304);

metatibia with ventral face micropunctate or with medial series of punctures . . 25

Metacoxal process, in posterior aspect, with area medial to posterolateral emargination

convexly arched; male with protarsal claws subequal, protarsal article 5 with large

ventral tooth A. ajax Fall, p. 352

Metacoxal process, with inner area flat in posterior aspect; male anterior protarsal

claw shorter than posterior, protarsal article 5 without ventral tooth

A. coxalis Sharp*

Lateral margin of pronotum internal to bead, broadly rufous: metatibia of many
specimens with row of punctures along inner ventral margin 27

Pronotum with lateral margin inside bead piceous or only narrowly rufous; inner

ventral margin of metatibia impunctate or with few punctures along basal half. 28

Total length greater than 8.5 mm; legs dark rufous to piceous; aedeagus without sub-

apical ventral spine A. audeni Wallis, p. 358

Total length less than 8.0 mm; legs testaceous to pale rufous; aedeagus with promi-

nent subapical ventral spine A. canadensis Fall, p. 358

Disc of elytron dark piceous or black basomedially, concolorous with disc of pro-

notum; elytron with scattered very small and inconspicuous punctures (Fig. 313) .

A. bicolor (Kirby), p. 360

Disc of elytron brown to pale piceous basomedially, contrasting in color with disc

of pronotum; elytron with scattered conspicuous punctures, each centered in slightly

Species not known from Alberta: not treated further.
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enlarged sculpture mesh (Fig. 312) A. pliaeopterus (Kirby), p. 359

29(21’) Lateral bead of pronotum broad, subequal in width to maximum width of antennal

article 3 30

29’ Lateral bead of pronotum narrower, in most specimens about 0.5 width of maximum
width of antennal article 3 31

30(29) Total length less than 6.5 mm; male anterior protarsal claw with small broad medial

tooth; aedeagus short, simple; paramere long, narrow and heavily sclerotized, with

apical brush of very long black setae; stridulatory organ absent

A. margareti new species, p. 344

30’ Total length greater than 6.5 mm; male anterior protarsal claw with large medial ven-

tral tooth; aedeagus long with ventral apical ridge twisted to right at apex; parameres

normal, fringed with pale setae along ventral margin; male with suture between ab-

dominal sterna 2 and 3 raised mediolaterally as low sharp ridge, anterior dorsal mar-

gin of metafemur with series of fine transverse grooves

A. fain (Zimmermann) in part, p. 342

31(29’) Dorsal surface of pronotum and elytron with at least faint aeneous sheen (except

pale specimens of A. colymbus)
\
elytral lines of sculpture with scattered punctures

situated in at least some of intersections (very difficult to see on some coarsely sculp-

tured females) (Fig. 291, 292, 293); male with anterior protarsal claw toothed; aedeagus

with basal piece very large, apex strongly twisted to right, lacking subapical spine

32

31’ Dorsal surface without aeneous sheen, or if present, very faint and aedeagus with a

subapical spine; intersections of lines of sculpture without punctures; male anterior

protarsal claw toothed or not, if toothed aedeagus with subapical spine 35

32(31) Suture between abdominal sterna 2 and 3 raised as low acute ridge lateral to midline;

elytral sculpture similar for both sexes (Fig. 293); male with tooth of anterior pro-

tarsal claw more or less medial in position A. pisobius Leech, p. 346

32’ Suture between abdominal sterna 2 and 3 flat, not raised; female elytral sculpture

with strong secondary reticulation (Fig. 292); male with tooth of anterior protarsal

claw medial or subapical in position 33

33(32’) Lateral bead of pronotum of equal width throughout length or only gradually and

slightly narrowed toward front angles 34

33’ Lateral bead of pronotum strongly narrowed near front angle; male protarsus rela-

tively strongly dilated, width article 1 /width article 4, 2.4 to 3.0; male anterior pro-

tarsal claw with ventral tooth right angled to obtuse apically; female with meshes

of elytral sculpture small, not or only slightly longitudinal on basomedial portion of

elytron; aedeagus as in Figure 190; arctic species A. colymbus Leech*

34(33) Aedeagus with dorsal groove twisted to right, covered in dorsal view by expanded

left side; male anterior protarsal claw with ventral tooth more or less medial in posi-

tion; only west of Rocky Mountains A. oblongulus Fall*

34’ Aedeagus (Fig. 1 89) with dorsal groove open in dorsal view, not twisted to right;

male anterior protarsal claw with ventral tooth subapical in position; transcontinental

A. punctulatus Aube, p. 345

35(31’) Elytron with lines deeply impressed, meshes (Fig. 295-300) large of irregular size

and shape and with secondary system of fine isodiametric reticulations, partially

effaced or not, toward base; male protarsal articles 1 to 3 beneath with both glandular

* Species not known from Alberta; not treated further.
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setae and small oval scales 36

Elytral sculpture various, if lines deeply impressed and meshes coarse, latter smooth

and shiny, without secondary isodiametric microsculpture; male protarsus various,

most specimens with either glandular setae or scales 38

Epipleuron rufous: pronotum dark rufous with transverse medial piceous area ex-

panded or not to cover most of disc but lateral margins broadly rufous

A. austinii Sharp, in part, p. 346

Epipleuron black or piceous: pronotum black with lateral margins narrowly rufous

37

TL 7.5 to 8.6 mm: metatibia with ventral face sparsely and finely punctate (punc-

tures on some specimens highly reduced and almost invisible); prosternal process

almost flat basally on some specimens, more convex toward apex, with sparse seti-

ferous punctures A. ambiguus (Say), p. 347

TL 6.0 to 7.4 mm; metatibia without micropunctation; prosternal process more

evenly convex, surface densely punctate and setose ’

A. strigulosus Crotch, p. 348

Body black, some specimens with lateral margins of pronotum and elytron rufous;

elytral sculpture of deep lines in form of coarse irregularly shaped meshes (Eig. 302);

metafemur with posterior apical angle expanded posteriorly beneath femoral comb

(best developed on male); male articles 1 to 3 of pro- and mesotarsi with very large

round scales beneath A. anthracinus Mannerheim, p. 352

Without above combination of characters: if body black and sculpture coarse, meta-

femur without external posterior angle produced 39

Head and disc of pronotum rufous to piceous not black; if piceous, lateral margin

of pronotum broadly rufous: elytral sculpture of large meshes visible at 6 to 10 X
(Fig. 294); aedeagus without subapical spine .. .A. austinii Sharp, in part, p. 346

Frons and disc of pronotum black; sculpture various, meshes of elytron on most

specimens small; aedeagus with subapical spine 40

Total length 10.0 to 12.0 mm; prosternal process carinate or strongly and narrowly

convex in cross section; metatibia with more or less complete row of punctures along

inner ventral margin, ventral face micropunctate medially; male protarsal articles 1

to 3 broadly dilated with large oval scales beneath: male anterior protarsal claw long

and slender, not toothed ventrally A. ontarionis Fall, p. 354

TL less than 9.0 mm: without above combination of characters 41

Epipleuron piceous or black, many specimens with external margin narrowly rufous,

prosternal process broad, lower and on different plane than subangular medial con-

vexity of prosternum; metatibia with ventral face densely micropunctate, also dorsal

surface of metatarsal article 1 micropunctate A. nectris Leech, p. 357

Epipleuron pale, testaceous to rufous, some specimens slightly infuscate internally;

prosternal process various: punctation of metatibia various 42

Male anterior protarsal claw with large ventral tooth: female elytral sculpture coarse

(Fig. 307), meshes longitudinal on basomedial portion of disc and on sublateral band

on apical half; ventral face of metatibia densely micropunctate

A. lutosiis LeConte, p. 356

Male anterior protarsal claw not toothed; female elytral sculpture fine, meshes not

stretched longitudinally; ventral face of metatibia without micropunctation . . 43

Apical article of palpus piceous to black, only narrowly rufous at base; prosternal

process evenly convex, bluntly pointed; metatibia with punctures along at least basal

half of ventral posterior margin: arctic species
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A. moestus Curtis*

43’ Infiiscation of apical article of palpus various, on most specimens restricted to apical

0.5 or 0.66 at most; prosternal process various, apex pointed to acuminate: punctation

of metatibia various, on many specimens ventral posterior series of punctures restricted

to basal one quarter or entirely absent 44

44(43’) Anterior margin of clypeus and lateral margin of pronotum inside bead, rufous; ely-

tral sculpture very fine (Fig. 316); prosternal process only slightly and broadly con-

vex laterally, with low but obvious medial convexity; many specimens with lateral

portions of process densely setose, metasternal wings narrow, WC/WS 2.4 to 2.9. . .

A. discolor (Harris), p. 363

44’ Anterior margin of clypeus and lateral margin of pronotum piceous or black, or at

most lateral margins of pronotum narrowly rufous; elytral sculpture various; prosternal

process various, from strongly carinate medially to broadly and evenly convex but

without combination of broad convexity and low medial ridge; glabrous or sparsely

setose laterally: metasternal wings broader, WC/WS 1.7 to 2.6 45

45(44’) TL6.1 to 7.2 mm: elytron with sculpture fine (Fig. 319, 320, 321)

A. inscriptus (Crotch), p. 365

45’ TL 6.1 to 8.5 mm: elytron with sculpture coarser (Fig. 315,317,318) 46

46(45’) Prosternal process with low even convexity at base, more strongly convex apically

but not distinctly tectiform or carinate; lines of sculpture fine, meshes large (Fig.

315): elytron of many specimens with a faint aeneous sheen; aedeagus slightly broad-

ened at base of subapical spine (Fig. 209) A. congener (Thunberg), p. 362

46’ Prosternal process strongly convex, tectiform or carinate: elytron with meshes of

sculpture finer (Fig. 317, 318); elytron lacking aeneous sheen; aedeagus not broad-

ened at base of subapical spine (Fig. 210, 21 1) 47

47(46’) Prosternal process of most specimens more or less carinate; prairie and SW foothills

A. approximatiis Fall, p. 364

47’ Prosternal process tectiform: Rocky Mountains and adjacent foothills

A. sp. nr. approximatus, p. 365

Agabiis seriatiis (Say, 1823)

Colymbetes seriatus Say, 1823b: 97. (Neotype - 6, North Lebanon, N. Y., MCZ, designated by Leech 1942c: 126.)Melsheimer

1853: 30. - Gemminger and Harold 1868: 456. - Crotch 1873: 420. - Sharp 1882: 498. - Wickham 1895b: 120. -

Blatchley 1910: 226. - Zimmermann 1919: 208. - Carr 1920: 4. - Leng 1920: 79. - Zimmermann 1920: 172. - Fall

1922: 14. - Brown 1930b: 236. — Hatch 1933b: 10. - Leech 1942c: 128. - Balfour-Browne 1948: 164. - LaRivers

1951: 403. - Hatch 1953: 218. — Leech and Chandler 1956: 320. — Anderson 1962: 68. - Gordon and Post 1965: 19.

- WaUis 1973: 106.

Agabus striatus Aube, 1838: 305. (Type locality - North America.) LeConte 1850: 213.

Agabus arctus Melsheimer, 1844: 27. (Type locality - Philadelphia.) - Melsheimer 1853: 30.

Agabus parallelus LeConte, 1850: 213. (Type locahty - Lake Superior.) Melsheimer 1853: 30. - LeConte 1863a: 17. -

Gemminger and Harold 1868: 456. - Crotch 1873: 420.

Gaurodytes intersectus Crotch, 1873: 419. (Lectotype - 9, California, MCZ, designated by Leech 1942c.) LeConte 1863a:

17. (nomen nudum). — LeConte 1878b: 466. - Sharp 1882: 495. — Seidletz 1887: 84. - Zimmermann 1920: 167. —

Leech 1942c: 126. - Hatch 1953: 218. - Leech and Chandler 1956: 320.

Diagnosis. — Adults are shiny black and subparallel with incompletely margined clypeus, and

elongate, acute prosternal process.

Description. - Measurements and ratios of 24 specimens from 10 mi SE Calgary, are: TL - 7.68 to 9.36 mm (X = 8.60 ±

0.34 mm); MW - 3.84 to 4.64 mm (X = 4.30 ± 0.16 mm); TL/MW - 1.90 to 2.04 (X = 1.98 ± 0.03); WC/WS - 2.00 to

2.41 (X = 2.19 ± 0.10).

* Species not known from Alberta: not treated further.
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Color black. Head with inconspicuous frontal spots or without them; antennal articles 1 and 2 rufous, articles 3 to 11

slightly darker and infuscate apically on most specimens; labrum and mouthparts rufous; maxillary and labial palpi dark rufous,

terminal articles infuscate apically on some specimens. Pronotum with lateral and basal margins piceous. Posterior margin

of abdominal sterna 3 to 6, and diffuse area on lateral portions of sterna 3 to 5 of some specimens, piceous. Legs dark rufous

to piceous.

Head sculpture of finely impressed lines in form of irregularly shaped moderate sized meshes; lines with scattered deeper

punctures mainly in intersections; meshes smooth and shiny, sparsely and finely punctate. Pronotal sculpture similar to that

of head but meshes larger medially on disc and lines much deeper laterally. Elytron (Fig. 280) with meshes varied in size and

shape but on average larger than those of head and pronotum; lines more deeply impressed apically, meshes smaller and more

convex; lines with scattered punctures situated at some intersections; meshes smooth, with small sparse punctures.

Clypeus with anterior margin incomplete (Fig. 278), broadly broken medially. Pronotum with lateral margins slightly

rounded laterally, almost parallel-sided toward base on some specimens. Prosternal process broad, slightly and evenly convex

basaUy, more convex towards apex; smooth and glabrous. Anteromedial emargination of metasternum well developed, ex-

tended to level of hind margin of mesocoxae. Legs slender; metafemoral comb poorly developed; metatibia with more or

less complete row of separated setiferous punctures along posteroventral margin; medioventral series of punctures well de-

veloped and extended into apical half of metatibia; metatarsus 1 glabrous beneath.

Male articles 1 to 3 of pro- and mesotarsi narrowly dilated, with numerous small adhesive scales beneath; anterior protarsal

claw (Fig. 145) slightly longer and broader than posterior with broad poorly defined ventral tooth or expansion near base.

Aedeagus (Fig. 178) simple, apex bent slightly to right.

Taxonomic notes. - Leech (1942c) wrote that the name A. intersectus (Crotch) applies to

populations of this species from western North America. These populations are conspecific

with those of A. seriatus, but the two groups are subspecifically distinct. Alberta specimens

belong to the western subspecies, because the metasternal wing tends to be broader than in

those from eastern Canada (WC/WS - 2.35 to 3.0 (X = 2.7), N = 12). Leech considers Manitoba

specimens intermediate between the two subspecies.

Natural history notes. — Agabiis seriatus inhabits running water: most frequently, streams

and springs with mixed clay and gravel substrates; also pools in intermittent creeks; but not

very cold, swift mountain creeks and rivers. Newly emerged adults were collected in September,

and a number of the specimens collected in April and May are slightly teneral. Overwintering

appears to be in the adult stage. Records of flight are not available.

Several specimens collected from a small spring 10 miles south of Calgary (March 14, 1971)

had in their crops pieces of head capsules of larval Trichoptera.

Distribution. - This species is transcontinental from Newfoundland to British Columbia

and south to Washington, D.C., New Mexico, Arizona and California. The northern limits are

unknown but I have seen specimens from Hay River, Northwest Territories (UC). I examined

more than 210 specimens from Alberta localities (map. Fig. 396).

Agabus bjorkmanae Hatch, 1939

Agabus bjorkmanae Hatch, 1939: 104. (new name for A. rectus LeConte). Hatch 1953: 227. — Leech and Chandler 1956:

319. — Anderson 1962: 68.

Anisomera recta LeConte, 1869: 374. (Type locality - Vancouver Island.) Not Babington, 1840. - Crotch 1873: 424. -

Sharp 1882: 756. - Leng 1920: 79. - Zimmermann 1920: 171. - Fall 1922: 9.

Diagnosis. — The basally constricted or subcordate pronotum is characteristic of this species.

Description. - Measurements of 20 specimens from southwestern Alberta are: TL - 9.29 to 10.64 mm (X = 9.94 ± 0.32

mm); MW - 4.64 to 5.04 mm (X = 4.81 ± 0.10 mm); TL/MW - 1.97 to 2.15 (X = 2.07 ± 0.05); WC/WS - 1.90 to 2.50

(X = 2.12 ± 0.17).

Body dark piceous to black; some specimens faintly aeneous. Head with frontal spots obscurely rufous; labrum, palpi and

antenna dark rufous. Pronotum and elytron with lateral margins piceous. Sterna 3 to 6 with hind margins narrowly piceous.

Legs piceous with tarsi and trochanters slightly paler.

Head with moderately coarse, irregular reticulation: meshes smooth medially with few fine punctures, laterally behind

eyes with evident secondary microreticulation. Pronotum with sculpture similar to that of head, but lines more shallowly im-

pressed medially on disc, and deeper with meshes smaller laterally. Elytron coarsely reticulate (Fig. 281), hues deeply im-

pressed and meshes granular, smaller than those on disc of pronotum, irregular in shape but more or less equal sized or slightly

smaller laterally and toward apex; meshes with obsolete secondary microreticulation.

Clypeus with narrow anterior bead broadly broken medially. Pronotum (Fig. 134) with sides constricted in basal half.
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distinctly sinuate before hind angles; lateral bead clearly defined almost to front angles, indistinctly delimited from disc at

base. Prosternal process more or less flattened to smoothly and evenly convex in cross section, broadly pointed apically. Meta-

sternum with anteromedial emargination shallow, not or barely extended to hind margin of mesocoxal cavities. Legs relatively

slender. Metafemoral comb indistinctly developed. Metatibia with more or less complete row of small separated punctures

along inner ventral margin; ventral medial series of punctures extended almost to apex. Metatarsal article 1 glabrous dorsally

and ventrally. Tarsal claws long and slender.

Male articles 1 to 3 of pro- and mesotarsi slightly dilated beneath, with dense coating of adhesive setae. Anterior pro tarsal

claw simple, slender, similar in shape to posterior. Aedeagus (Fig. 179) simple, tapered evenly to apex; apex slightly twisted

to right.

Taxonomic notes. - The species A. cordatiis LeConte and A. bjorkmanae Hatch are vicarious,

their combined range extending over much of the western United States. The species A. cordatus

occupies the Great Basin and ranges east to New Mexico and Colorado, while A. bjorkmanae

has a more northern distribution. The two species are very similar in most features including

the male genitalia (Fig. 179, 180), and are separated primarily on color {cordatus is paler) and

shape of the pronotum which is more strongly constricted basally in A. cordatus specimens

(Fig. 135). I examined several hundred specimens of the two species, noted that color and

shape of the pronotum vary, but have not detected a geographical pattern nor evidence of

hybridization. However, I have not seen specimens of either species from Montana or Wyoming,

a geographically intermediate area, and an area in which intergradation would be most likely

to occur.

Natural history notes. - Specimens of A. bjorkmanae occur in shallow water along the mar-

gins of foothill and mountain streams and less commonly, along lake shores but then usually

near inlet or outlet streams. The insects are most frequently found under loose stones on bare

gravel and clay often at the water’s edge. The strongly cordate pronotum and habit of occur-

ring under rocks along the edges of streams gives the impression of a very hygrophilous Nebria.

Teneral specimens have been collected from August 10 to 29.

Distribution. — This species ranges from northern California (Leech and Chandler, 1956)

to British Columbia (Hatch, 1956) and western Alberta. I examined 95 specimens from Alberta

localities (map. Fig. 397).

Agabus pseudoconfertus Wallis, 1926

Agabus pseudoconfertus Wallis, 1926: 90. (Holotype - male, Winnipeg, Manitoba, June 11, 1924, J. B. Wallis, CNC.) - Leng

and Mutchler 1933: 15. - Fall 1934: 171. - Leech 1937: 149. ^ Hatch 1953: 226. - WaUis 1973: 108.

Agabus gelidus Fall, 1926: 142. (Holotype - male, Fairbanks Alaska, July 7, 1924, H. C. Fall, USNM.) Not U. Sahlberg 1906.

Brown 1932a: 5. - Leng and Mutchler 1933: 15. - Fall 1934: 171. - Leech 1937: 149.

Description. - Measurements and ratios of 20 Alberta specimens are: TL - 7.52 to 8.48 mm (X =8.11 ± 0.14 mm); MW -

4.00 to 4.56 mm (X =4.29 ± 0.13 mm);TL/MW - 1.83 to 1.94 (X = 1.89 ± 0.03);WC/WS - 2.33 to 2.68 (X = 2.52 ±

0.09).

Color black except following. Head with frontal spots, anterior margin of clypeus, frons above base of antenna, and labrum,

rufous; antenna and palpi rufous, outer articles of most specimens without apical infuscation. Pronotum with lateral bead

rufous. ScuteUurn piceous. Lateral margin of elytron piceous in apical half. Metacoxal process and posterior margins of ab-

dominal sterna 3 to 6, rufous. Legs dark rufous, most specimens with femora and metatibiae somewhat darker.

Elytral sculpture of males and many females (Fig. 282) fine but clearly impressed lines in form of meshes of irregular

shape and size, although size of meshes generally of about same magnitude; each intersection of lines with small puncture;

many larger meshes with single small puncture; meshes with secondary reticulation, somewhat effaced on some specimens.

Some females (Fig. 283) with meshes of head and pronotum with secondary reticulation, meshes of pronotum and elytron

longitudinally stretched; elytron with spaces between lines (distinct meshes absent on basal halO with dense, more or less

granular, reticulation; sculpture normal apically. Head with frons between eyes with relatively large coarse punctures, each

situated medially in mesh.

Anterior margin of clypeus incomplete, broadly broken medially. Lateral margin of pronotum rounded, sides convergent

in apical third: hind angle broadly rounded and obtuse; lateral bead broad and well defined throughout length. Prosternal

process short, bluntly pointed apically; convex in cross section: apex deflected upward behind procoxae. Metasternum with

anterior margin between mesocoxae slightly flattened or impressed, without distinct V-shaped medial impression and flattened

area not extended to level of hind margin of mesocoxal cavity. Metatibia with posterior ventral margin with varied number of

large scattered punctures; ventral face without micropunctation. Metatarsal article 1 glabrous beneath.
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Male articles 1 to 3 of pro- and mesotarsi narrowly dilated and with numerous small adhesive scales beneath: protarsal

claws (Fig. 146) slender, simple; anterior claw shorter than posterior, ventral margin shallowly sinuate beneath. Abdominal

sternum 6 with posterior medial area flattened, sternum laterally with short longitudinal rugae. Aedeagus (Fig. 181) simple,

slender, apex not twisted laterally.

Taxonomic notes. — The species yl. pseiidoconfertus Wallis, A. confertus LeConte, yl. kenaien-

sis Fall, A. verisiniilis Brown and A. vandykei Leech form a very homogeneous group of mod-

erate sized, parallel sided, black species of Agabus. All members are characterized by the fol-

lowing features; clypeus incompletely margined; prosternal process short, blunt, medially con-

vex, apex deflected upwards behind procoxae; metasternum with anteromedial emargination

between mesocoxal cavities obsolete, not extended posteriorly as V-shaped impression to level

of hind margin of mesocoxal cavities. Males are characterized as follows: parameres normal,

aedeagus simple and not twisted laterally; protarsi little modified; elytral sculpture more or

less of uniform type, i.e., lines fine, with punctures situated in intersections, meshes with sec-

ondary reticulation.

Two of these species, A. pseiidoconfertus and A. kenaiensis, are probably transcontinental

in the boreal regions while the remaining three are restricted to western North America.

Natural history notes. — The habitat is poorly known because I collected few specimens,

mostly along margins of small woodland pools, usually in mats of Calarnagrostis canadensis

Michx. stalks, or in some other flooded grass, and usually not associated with Carex. No records

of flight or teneral specimens are available.

Distribution. — This species is probably transcontinental in boreal North America. I have

seen specimens from Massachusetts (UASM), Manitoba (UASM), and British Columbia (CARR),

and the species has been recorded from British Columbia, Washington and Alaska. I examined

33 specimens from Alberta localities (map. Fig. 398).

Agabus kenaiensis Fall, 1926

Agabus kenaiensis ¥dL\\, 1926: 141. (Type locality — Anchorage, Alaska.) - Brown 1930b: 236. - Brown 1932a: 5. - Leng

and Mutchler 1933: 15. - FaU 1934: 171. - Hatch 1953: 225. - Anderson 1962: 70. - James 1970: 94. - Wallis 1973:

108.

Agabus palustris Wallis, 1926: 92. (Type locality Onah, Manitoba.) - Leng and Mutchler 1933: 15.

Diagnosis. - Specimens look very much like small ones of A. pseiidoconfertus. Characters

presented in the key permit recognition of this species.

Description. - Measurements of 25 Alberta specimens are: TL - 5.92 to 6.40 mm (X = 6.11 ± 0.14 mm); MW - 3.04

to 3.44 mm (X = 3.21 ± 0.11 mm);TL/MW - 1.81 to 2.03 (X = 1.90 ± 0.05);WC/WS - 2.27 to 2.83 (X = 2.54 ± 0.13).

Body black except following. Head with frontal spots, anterior margin of clypeus, labrum, antenna and palpi, rufous.

Pronotum with lateral bead and hind margin piceous. Scutellum piceous. Lateral margin of elytron piceous, at least on apical

half. Prosternal process, metacoxal process and hind margins of abdominal sterna 3 to 6, rufous to piceous. Legs dark rufous

to piceous (older preserved specimens or specimens kept in alcohol for some time tend to be considerably paler than indicated

above).

Sculpture similar to that of A. pseiidoconfertus but finer. Lines on elytron fine (Fig. 284), in form of moderate sized meshes

of unequal shape but of similar size; fine punctures at intersections of lines and, on some specimens, in meshes; latter with fine

secondary reticulation.

Clypeus with anterior bead broadly broken medially. Pronotum broad, sides broadly rounded in basal half, more or less

straight and convergent anteriorly; hind angle broadly rounded and obtuse; lateral bead of moderate width, clearly defined

and more or less equal in width throughout length, or narrowed slightly towards anterior angle. Prosternal process short,

apex broadly pointed, deflected upward behind procoxae; ventral face with medial longitudinal convexity; setose laterally.

Metasternum with anteromedial portion concave, without distinct V-shaped impression. Metatibia of most specimens with

irregular series of punctures along basal half of posteroventral margin. Male sternum 6 slightly flattened medially, with few

shallow longitudinal striae laterally; female sternum 6 smooth laterally.

Male with articles 1 to 3 of pro- and mesotarsi very slightly broadened, each article ventraUy with group of golden adhesive

scales; protarsal claws (Fig. 147) subequal in length, similar in shape, with anterior claw slightly broader. Aedeagus as in Figure

182.

Natural history notes. — Most specimens of A. kenaiensis were collected from small pools of
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water situated in Carex-Sphagnum bogs, but also from tufts of Carex in cool, woodland pools,

where Sphagnum mats were not present.

Distribution. — The species ranges from Ontario to the Northwest Territories (Providence,

UC! ) and Alaska. Northern and southern limits of its range are unknown but it is probably

boreal for the most part. I examined 29 specimens from Alberta localities (map. Fig. 399).

Agabus verisimilis Brown, 1932

Agabus verisimilis Brown, 1932a: 4. (Holotype - 6, Creston, British Columbia, April 21, 1930, G. Stace Smith No. 3237

CNC.) Leech 1942c: 130. - Hatch 1953: 226. - Anderson 1962: 70.

Diagnosis. — Small size, incomplete clypeal bead, short prosternal process and relatively low

value for the ratio WC/WS characterize this species.

Description. - Measurements of 20 Alberta specimens are: TL - 5.84 to 7.04 mm (X = 6.39 ± 0.30 mm); MW - 2.88 to

3.44 mm (X = 3.31 ± 0.17 mm); TL/MW - 1.88 to 2.00 (X = 1.93 ± 0.03); WC/WS ^ 1.63 to 1.96 (X = 1.72 ± 0.07).

Color black except as follows. Head with frontal spots, frons above base of antenna, anterior margin of cfypeus, labrum,

antenna and palpi, rufous. Pronotum with lateral bead and disc narrowly inside of bead, rufous. Scutellum piceous. Lateral

margin of elytron along lateral bead, piceous; epipleuron black internally, paler along outer margin. Prosternal process, meta-

coxal process and posterior margin of abdominal sterna 3 to 6, dark rufous. Legs rufous with pro- and mesocoxae basally,

femora medially and dorsaBy, and metatibia, piceous to black.

Sculpture of elytron (Fig. 285) of fine lines in form of small meshes of irregular size and shape; lines with small punctures

at many of the intersections; some meshes with small medial puncture; secondary reticulation on many specimens somewhat

effaced on basal and medial portions of elytral disc.

Anterior margin of clypeus incomplete, broadly broken medially. Pronotum with side shghtly but evenly arcuate through-

out length, hind angle broadly rounded and obtuse. Elytra more or less parallel sided with greatest width behind middle. Pro-

sternal process short, bluntly pointed, angularly convex in cross section. Metasternum slightly flattened between mesocoxal

cavities but lacking distinct V-shaped impression for reception of apex of prosternal process. Metatibia posteroventral margin

with one to several coarse punctures near middle and on some specimens few additional fine punctures near base and middle.

Male with articles 1 to 3 of pro- and mesotarsi feebly dilated; each with golden scales beneath. Protarsal claws (Fig. 148)

slender, equal in length; anterior claw gradually and evenly narrowed to apex, posterior claw with slight ventral sinuation.

Abdominal sternum 6 slightly flattened medially; laterally with few fine longitudinal striae. Male genitalia (Fig. 183) with

paramere normal; aedeagus simple, slender, not twisted laterally.

Taxonomic notes. — This species is closely related to A. vandykei Leech (1942c, 129), which

occurs in California and Oregon.

Natural history notes. -
1 collected adults from only two localities, both situated in coniferous

forests of the subalpine zone of southwestern Alberta, from stands of Carex in shallow water

of small spring-fed pools, partially shaded by willow and with bottoms of clay and soft organic

silt.

Distribution. — The species A. verisimilis occurs in the Rocky Mountains from southeastern

British Columbia and southwestern Alberta, south to Colorado (Gore Pass, CARR!) and Utah.

I examined 20 specimens from Alberta localities (map. Fig. 400).

Agabus hypornelas Mannerheim, 1843

Agabus hypomelos Mannerheim, 1843: 221. (Type locality - Sitka, Alaska.) - Melsheimer 1853: 30. - LeConte 1863a: 17.

- Gemminger and Harold 1868: 455. — Crotch 1873: 423. - Sharp 1882: 496. Horn 1883: 281. - Leng 1920: 79.

- Zimmermann 1920: 166. - Fall 1922: 13. - Fall 1926: 141. - Leech 1937: 148. - Leech 1942c: 130. - Leech 1945a:

78. - Hatch 1953: 218. - Anderson 1962: 68.

Agabus irregularis Mannerheim, 1853: 159. (Type locality - Kenai Peninsula.) - LeConte 1863a: 17. ~ Gemminger and Harold

1868: 455. - Sharp 1882: 753. ~ Leech 1937: 149. - Hatch 1938: 146. - Leech 1942c: 130. - Leech 1945a: 78.

Diagnosis. — The incomplete clypeal bead, almost right angled hind angles of the pronotum,

short prosternal process, and characteristic elytral sculpture define this species.

Description. - Measurements of six Alberta specimens are: TL — 6.48 to 6.96 mm (X = 6.79 ± 0.19 mm); MW - 3.36 to

3.76 mm (X = 3.58 ± 0.14 mm); TL/MW - 1.85 to 1.93 (X = 1.90 ± 0.03); WC/WS ^ 1.83 to 2.25 (X = 2.09 ± 0.15).

Dorsal surface piceous to black, some specimens with faint metallic or brassy sheen. Head with frontal spots, frons above

base of antennae, anterior half of clypeus, labrum, and palpi, rufous; antenna rufous with articles 9 or 10 to 11 infuscate
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apicaily. Pronotum with lateral bead and disc broadly inside of bead, rufous; hind angle dark, pale area extended inwards

on disc anteriorly and front angle entirely pale. Elytron with lateral bead and outer margin of epipleuron rufous, darkened

dorsally on disc. Ventral surface black with prosternal process, metacoxal process and posterior margins of sterna 3 to 6,

rufous. Legs rufous with femora, at least medially, and coxae basally, piceous or black.

Elytron with lines of sculpture fine, numerous and in form of small irregular sized and shaped meshes; intersections of

many lines with small deep punctures clearly visible. Meshes with suggested rugosity but without definite secondary reticulation.

Clypeus with anterior bead broadly interrupted medially. Head very broad, almost as wide as pronotum. Pronotum with

lateral margin slightly arcuate anteriorly, almost straight with sides more or less parallel posteriorly; hind angle with apex

narrowly rounded but more or less right angled; lateral bead narrow but well defined. Prosternal process short, with apex

broadly pointed; smoothly convex in cross section without definite medial longitudinal ridge; smooth and shiny, sparsely

punctate laterally; in more or less same plane as prosternum. Metasternum with short rounded depression between mesocoxae,

hind margin of depression not extended to level of hind margin of mesocoxal cavities. Metatibia with irregular series of coarse

punctures along posteroventral margin.

Male with articles 1 to 3 of pro- and mesotarsi slightly broadened, each article ventraUy with golden adhesive scales. Pro-

taisal claws (Fig. 149) similar in shape, anterior claw very slightly longer and broader. Sternum 6 not or slightly flattened

medially, with number of short irregular longitudinal striae along hind margin. Aedeagus and paramere as in Figure 184.

Taxonomic notes. — Leech (1937) recognized two subspecies of A. hypomelas: A. h. irregular-

is Mannerheim, ranging in the Aleutian Islands and along the Alaskan coast south to Yakutat

Bay; and A. h. hypomelas which ranges from the southern end of the distribution of A. irregularis

to Washington, the southern interior of British Columbia and Utah. Alberta specimens belong

to the southern, nominate subspecies.

The Pacific Coast species, A. vancouverensis Leech, is similar to A. hypomelas but differs

in larger size, metasternal sulcus more rudimentary, and in form of the male genitalia and

ovipositor.

Natural history notes. — J. Carr collected this species in two Alberta localities, in subalpine

coniferous forests. Teneral specimens have been collected on Aug. 13.

Distribution. — (see above under Taxonomic notes.) In Alberta the species is known only

from the southwestern portion of the province. I examined six specimens (map. Fig. 401).

Agabiis erichsoni Gemminger and Harold, 1868

Agabus erichsoni Gemminger and Harold, 1868: 454. (New name for nigroaeneus Erichson.) Wickham 1895b: 120. — Poppius

1910: 348. - Zimmermann 1919: 212. - Leech 1939: 218. - J. Balfour-Browne 1948: 160. - Hatch 1953: 227. - Ander-

son 1962: 69. - James 1970: 93. - Wallis 1973: 108.

Agabus nigroaeneus Erichson, 1837: 157. (Type locality - Berlin.) Not Marsham, 1802. Sharp 1882: 529. — Horn 1883: 279.

- Carr 1920: 4. - Leng 1920: 79. - Zimmermann 1920: 169. - Fall 1922: 32. - FaU 1924: 141. - Brown 1930b: 236.

- Brown 1931: 116. - Zimmermann 1934: 189. - Leech 1938a: 127. - P. Zaitsev 1953: 236.

Gaurodytes lutosus Crotch, 1873: 419. (Type locality - not designated.) Not LeConte, 1853. Sharp 1882: 776.

Diagnosis. - Large size, sinuate anterior lateral angles of the pronotum and presence of coarse

punctures on the dorsomedial surface of the basal three metatarsal articles permit the ready

recognition of this species.

Description. — Measurements of 20 specimens from Kananaskis Lakes, Alberta, are: TL - 8.88 to 10.56 mm (X = 10.23

± 0.46 mm); MW - 4.72 to 5.76 mm (X = 5.45 ± 0.72 mm); TL/MW - 1.81 to 1.92 (X = 1.88 ± 0.03); WC/WS - 1.81 to

2.18 (X = 1.97 ± 0.13). The species shows some geographical variation in size, with northern specimens tending to be slightly

larger than those from the southwestern portion of the province. For example, TL for 20 specimens from Rycroft (ten of

each sex) is: 10.24 to 11.04 mm (X = 10.54 ± 0.24 mm).

Color black except as follows. Head with two small spots on frons between eyes, anterior margin of clypeus, labrum, antenna

and palpi, rufous. Pronotum with lateral margin rufous to piceous, basal margin piceous. Elytron with lateral margin rufous

to piceous: epipleuron dark internally, paler piceous to rufous externally. Abdominal sterna with apical margins piceous. Front

and middle legs rufous with femora, and on many specimens also tibiae, piceous, at least medially: hind legs piceous to black

with apex of femur and tibia, trochanter and tarsal articles, rufopiceous.

Elytron with sculpture (Fig. 286) similar in both sexes, of clearly impressed lines in form of small irregularly shaped meshes;

with fine rugosity or microreticulation on basomedial area of disc with some tendency towards longitudinal stretching, less

pronounced laterally and apicaily.

Clypeus with narrow anterior margin at sides only, broadly interrupted medially. Pronotum (Fig. 136) with lateral bead

well defined throughout most of length, but ended behind front angle; front angle with lateral sinuation. Prosternal process

strongly but smoothly convex in cross section, not carinate medially. Metasternal wing broad. Metatibia with more or less
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complete row of punctures along inner ventral margin; medioventral face with series of smaller punctures extended entire

length. Metatarsal articles 1 to 3 or 4 broadly concave along outer dorsal surface in male, less distinctly so in female; articles

1 and 2 and on some specimens also 3 and 4, each with one or two large mediodorsal setiferous punctures. Metatarsal claws

very short (about one quarter length of metatarsal article 5), subequal in length or inner claw slightly broader and less arcuate.

Sternum 6 of male longitudinally striate: obscurely rugose on female.

Male with anterior protarsal claw (Fig. 150) swollen basally, posterior basal margin with distinct ventral sinus, slightly

longer than narrow, sinuate posterior claw; articles 1 to 3 of pro- and mesotarsus narrowly dilated, with, in total, eight to

ten irregular transverse rows of small elongate scales on ventral surface. Male genitalia with aedeagus and paramere as in Fig.

186.

Natural history notes. - This is one of the most common species of Agabiis in the forested

portions of the province. Almost every collection made in emergent Carex or flooded grasses

along margins of both temporary or permanent ponds, yielded adults. Many teneral specimens

have been collected from July 7 to August 3 while all specimens collected in the spring have

been mature, indicating that they have overwintered as adults. However, James (1970) records

eggs of this species overwintering in Ontario, and provides a very detailed description of the

larva.

Distribution. — This species has a wide range across the northern portions of Europe, Asia

and North America. Specimens have been collected throughout the forested portions of Alberta

with the exception of the Cypress Hills. I examined more than 500 specimens (map. Fig. 402).

Agabus semipunctatus (Kirby, 1837)

Colymbetes semipunctatus Kirby, 1837: 69. (Type - male in BMNH labelled as follows: Type H.T.; 6
;
N. Amer. 9, 5772a;

A. semipunctatus Kirby.) LeConte 1850: 214. - Mannerheim 1853: 158. - Melsheimer 1853: 30. - LeConte 1863a: 17.

- Gemminger and Harold 1868: 456. - Crotch 1873: 417. - Horn 1883: 282. - Wickham 1895b: 120. - Blatchley 1910:

227. - Carr 1920: 4. - Zimmermann 1920: 171. - Fall 1922: 18. - Brown 1937: 109. - Leech 1939: 220. - Hatch 1953:

220. - Wallis 1973: 108.

Agabus stridulator Sharp, 1882: 509. (Type locahty - Hudson Bay, Canada.) Wickham 1895b: 120. - Fall 1922: 18. — Leech

1939: 220.

Agabus stridulatus Zimmermann, 1920: 173.

Diagnosis. - A small black species characterized by elytral sculpture of small rounded more

or less equal sized meshes, short prosternal process, toothed anterior protarsal claw of the male,

and a “stridulatory file” on sternum 3 of the male.

Description. - Measurements of 20 specimens from WincheU Coulee near Water Valley, Alberta, are: TL - 5.84 to 6.80

mm (X = 6.37 ± 0.22 mm); MW - 3.00 to 3.44 mm (X = 3.25 ± 0.12 mm); TL/MW - 1.88 to 2.00 (X = 1.96 ± 0.03);

WC/WS - 2.27 to 2.65 (X = 2.47 ± 0.09).

Body black except as follows. Head with frontal spots and labrum, dark rufous: antenna rufous, articles 4 or 5 to 11

lightly infuscate on many specimens, apical half of article 11 piceous: palpi rufous, apical half of terminal article of each

palpus, piceous. Pronotum, and on some specimens also elytron, with lateral margin, piceous: epipleuron black: elytron with

medial sublateral and subapical depigmented spot (on many specimens spots visible only when elytron is raised). Apex of

metacoxal process and apical margins of abdominal sterna 3 to 6, piceous. Legs piceous to black except trochanters, at least

apices of femora and tibia, and tarsi, rufous.

Sculpture of head and pronotum small meshes irregular in size and shape; meshes smooth or with suggestion of obsolete

secondary reticulation, best seen laterally on pronotum; many intersections of lines with small punctures. Elytron with

sculpture fine (Fig. 287), meshes irregular in size and shape basomedially, laterally and apically finer, more or less rounded

and generally of equal size but interspaced with some larger more or less rectangular meshes; some intersection of lines with

punctures.

Clypeus with anterior margin complete. Lateral bead of pronotum moderate in width, about 0.66 to 0.75 width of apex

of antennal article 3, narrowing gradually towards front angles. Prosternal process short, strongly but smoothly and evenly

convex in cross section. Metasternum with anteromedial emargination short, not extended to level of hind margin of meso-

coxae. Metatibia with punctures along posteroventral margin, punctures on basal 0.5 to 0.66 or on some specimens reaching

almost to apex; ventral face of metatibia without micropunctation. Metatarsal article 1 glabrous beneath or occasional specimen

with 1 or 2 setae. Tarsal claws short.

Male with pro- and mesotarsal articles 1 to 3 slightly dilated (ratio protarsal article 1 /article 4 - 1.5 to 1.8); anterior pro-

tarsal claw (Fig. 151) with large ventral tooth. Sternum 3 mediolaterally with series of short closely spaced curved longitudinal

ridges (presumably file of stridulatory organ with plectrum represented by sharp anterior dorsal margin of metafemur). Para-

mere normal: aedeagus (Fig. 185) ridged along ventral apical margin.
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Taxonomic notes. — Males of three Old World species, A. biguttulus Thomson, A. affinis \

Paykull and A. unguicularis Thomson and the Nearctic species A. velox Leech, have the same
,

form of stridulatory organ as A. semipunctatus. In the Alberta fauna, A. falli is probably the

most closely related species.

Variation is exhibited by this species. The only specimens seen with setae on the ventral P

surface of metatarsal article 1 were collected in southwestern Alberta. A single specimen from

Waterton National Park (a female) possesses coarser, more irregular elytral sculpture than does
j

any other specimen seen by me, and also lacks the preapical depigmented elytral spot.

Natural history notes. — This species lives in cold Carcx-choked water in the forested parts

of the province, often in, but not restricted to. Sphagnum bogs. I have seen a single teneral

specimen (July 7). j

Distribution. — The species A. semipunctatus is transcontinental in the forested northern

portion of North America. The southern and northern limits are unknown. Blatchley (1910) I

recorded it from Indiana and I have seen specimens from Deep Bay, Great Slave Lake (UC). In

Alberta, this species occurs throughout much of the forested area with the exception of the

Cypress Hills and higher elevations in the Rocky Mountains. I examined more than 290 speci-
'

mens from Alberta localities (map. Fig. 403).
|

Agabus falli {Zm\mQim 2can, 1934)

Gaiirodytes falli Zimmermann, 1934: 186. (New name for A. sharpi Fall, not Jakobs.) Hatch 1953: 220. - Carr and Leech

1966: 546. - Wallis 1973: 107.

Agabus sharpi Fall, 1922: 19. (Type locality - Winnipeg, Manitoba.) Not Jakobs., 1908. Leng and Mutchler 1927: 17. -

James 1970: 93.
|

Agabus semipunctatus Sharp, 1882: 507, not Kirby, 1837.
ji

Diagnosis. — Adults are moderate sized, and convex, black in color with distinctive elytral I

sculpture, and very broad pronotal bead. The male is characterized by a toothed anterior pro-

tarsal claw and “stridulatory organ” consisting of a ridge along the suture between sterna 2
|

and 3 and a file on the anterodorsal margin of the metafemur (Larson and Pritchard, 1974). i||

Description. - Measurements and ratios on 20 Alberta specimens are: TL - 6.56 to 7.60 mm (X = 7.17 ± 0.25 mm);

MW - 3.28 to 3.88 mm (X = 3.65 + 0.14 mm); TL/MW - 1.91 to 2.00 (X = 1.97 ± 0.03); WC/WS - 2.20 to 2.90 (X =
j

2.50 ±0.15).
:i

Color piceous to black. Head with frontal spots, anterior margin of clypeus, and labrum, rufous; antenna light rufous,
|

articles 4 or 5 to 10 infuscate apicaUy on most specimens, article 11 with apical half piceous to black; palpi rufous. Pronotum
j

with lateral bead and margin inside of bead, rufous. Elytron with lateral margin rufous to piceous, epipleuron piceous. Ventral
|

surface of body black; prostemal process, metacoxal process and hind margins of sterna 3 to 6, piceous. Legs dark rufous,
|

except femora and metatibiae somewhat darker. I

Sculpture of head of very irregular small to moderate sized meshes with scattered punctures both in lines and on interspaces, !

otherwise meshes smooth and shiny. Pronotum with lines of sculpture less dense than on head, meshes larger but very irregular

in size and shape medially, smaller and more regular laterally. Scattered small punctures usually at intersections of lines;

meshes smooth or with indication of obsolete secondary sculpture. Elytron (Fig. 288) with meshes of small to moderate size,

irregular in shape, on many specimens smallest laterally and apically; meshes smooth; small punctures present, usually situated

at intersections of lines.

Clypeus with anterior margin variously developed, complete or in some specimens broken at middle. Lateral bead of pro-

notum very broad, subequal in width to apex of antennal article 3. Prostemal process broad, evenly to subangularly convex;

bluntly pointed apically; sparsely setose laterally. Anteromedial metasternal emargination almost or extended to hind margin

of mesocoxal cavities. Metatibia with large punctures along posteroventral margin, extended to or almost to apex; medioventral

face smooth, with basal series of punctures reduced. Metatarsal article 1 glabrous ventrally.

Male with articles 1 to 3 of front and middle tarsi dilated (width protarsal article 1/width article 4 - 1.6 to 2.0 (X = 1.8)),

with small oval scales beneath; protarsal claws subequal, short; anterior claw (Fig. 152) with a ventral tooth. Male with posterior

margin of meso- and metafemora with sparse brush of short, erect, golden setae. Abdominal sternum 3 without stridulatory

organ, segment 2 excavate laterally and produced into low but sharp ridge along posterior margin; anterior dorsal edge of

metafemur with file comprised of series of shallow closely spaced transverse striae. Aedeagus (Fig. 187) simple, apex slightly

bent to right with short longitudinal ventral ridge.

Taxonomic notes. - In the Alberta fauna, A. falli most closely resembles the semipunctatus
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in habitus, and in the structure of the male protarsus. However, the male stridulatory organ,

aedeagus and setae on the ventral margin of the pro- and mesofemora indicate a relationship

with the eastern species aeniginosiis and pimctatus.

Natural history notes. — A description of a habitat in which specimens of A. falli have been

collected, is given by Carr and Leech (1966). James (1970) includes A. falli in his list of wood-

land species. I collected specimens from temporary ponds located in both aspen parkland and

fescue grassland.

Distribution. - This species occurs from Ontario to northeastern British Columbia. The

northern and southern limits are unknown. In Alberta, it has been taken from the United States

border north to the Peace River area. I examined 42 specimens from Alberta localities (map.

Fig. 404).

Agabus triton Fall, 1922

Agabus triton Fall, 1922: 17. (Type locality — Edmonton, Alberta.) Leng and Mutchler 1927: 17. - Carr and Leech 1966:

546. - Wallis 1973: 106.

Diagnosis. — Broadly oval shape, broad lateral bead of the pronotum abruptly truncated

near the anterior angle, and spatulate anterior protarsal claw of the male, make this one of

the most distinctive species of Agabus in the Alberta fauna.

Description. — Measurements and ratios of 20 specimens collected eight miles west of Calgary, are: TL — 6.56 to 7.60 mm
(X - 7.15 ± 0.25 mm); MW - 3.68 to 4.08 mm (X =4.04 ± 0.15 mm);TL/MW - 1.73 to 1.80 (X = 1.77 ± 0.02);WCAVS

- 1.90 to 2.17 (X - 2.04 ± 0.08).

Head piceous: clypeus and frontal spots rufous: antenna pale with at least apex of article 11 infuscate: palpi rufous, terminal

article of each palpus infuscate. Pronotum with disc piceous, lateral margin broadly rufous. Elytron brown, disc darkened

medially; epipleuron piceous with outer basal margin rufous. Legs rufous except meso- and metafemora of some specimens

somewhat darker.

Elytron with sculpture as in Figure 289: lines shallowly but distinctly impressed, in form of moderate sized meshes of

unequal sizes and various shapes; small punctures at intersections of lines and, less frequently, medially on meshes.

Anterior bead of clypeus complete or broken medially. Lateral bead of pronotum very broad, slightly narrowed anteriorly

and ended shortly behind anterolateral angle, abruptly sinuate at front angle (Fig. 137). Prostemal process strongly convex,

sparsely setose. Metatibia with series of large punctures along posteroventral margin extended into at least apical half and on

many specimens extending entire length of metatibia.

Male articles 1 to 3 of pro- and mesotarsi dilated, and with small oval scales on ventral surface. Anterior protarsal claw

(Fig. 153) subequal in length to posterior, broadly dilated ventraUy, apex obliquely truncate. Aedeagus (Fig. 188) very long

and slender, apex twisted to right.

Taxonomic notes. - This and the preceding species M. falli) differ from most of the others

by marked intraspecific variation in development of the anterior bead of the clypeus. The bead

varies from complete development and traceable across the entire anterior margin of the clypeus,

to widely discontinuous medially.

Natural history notes. — Specimens of A. triton are common in a series of small aspen- and

willow-ringed temporary ponds situated in rolling moraine about eight miles west of Calgary.

These ponds are, for the most part, less than 1 8 inches deep following snowmelt, and are usually

dry by mid-summer. Much of the surface area is covered by mats of decaying Carex and grass

stalks in the early spring, followed later by dense emergent growth. Adult beetles are active very

early in the spring, and were collected before the ice on the ponds has completely melted and

while melting snowbanks were still feeding the ponds. Wallis (1973) also records A. triton as

an early spring species in Manitoba.

Although ponds fitting the above description are common in the area west of Calgary, speci-

mens of A. triton have been collected only from the relatively few undisturbed by overgrazing

of livestock.

Teneral specimens were collected June 13 and 25 in Alberta, and June 26 in Manitoba, sug-

gesting that the life cycle is completed by late spring or early summer.
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Distribution. — This species is known only from Alberta and Manitoba. Alberta localities,

from which 103 specimens have been collected, are indicated in Figure 405.

Agabus margareti new species

Holotype male and aUotype female, Va mile south Little Fish Lake Provincial Park, Hand Hills, Alberta; May 2, 1971; D. &
M. Larson (CNC).

Paratypes — all other specimens of this species examined are so designated (see below for list of localities). (CARR, CAS, CNC
and UASM).

Description. - Measurements of eight specimens (5 males, 3 females) are: TL - 5.44 to 6.00 mm (X = 5.70 ± 0.16 mm);

MW - 3.04 to 3.44 mm (X = 3.15 ± 0.13 mm); TL/MW - 1.73 to 1.87 (X = 1.81 ± 0.05);WC/WS - 1.91 to 3.31 (X = 2.10

± 0 . 12 ).

Color black except following. Head with frontal spots, anterior margin of clypeus, and labrum, rufous; antenna testaceous

with outer articles infuscate on some specimens; palpi testaceous. Pronotum with lateral margin broadly rufous to piceous,

posterior margin piceous. Elytron with lateral margin and epipleuron dark rufous to piceous; disc without defined pale spots.

Prosternal process, metacoxal process and hind margin of sterna 3 to 6, dark rufous to piceous (in some specimens, elytron,

metasternal wings and sternum 1, piceous). Legs dark rufous except meso- and metafemora somewhat infuscate on some

specimens.

Sculpture of head of fine lines in form of meshes very irregular in size and shape (some specimens with lines shallowly

impressed and partially effaced medially on frons); punctation varied, some specimens almost impunctate, others with distinct

though small punctures situated mainly on intersections of hnes: meshes smooth and shiny. Pronotum with sculpture similar

but lines finer with punctation more distinct. Elytron (Fig. 290) with meshes irregular in size and shape, largest basally,

smaller toward apex; meshes smooth and shiny, slightly larger on male than on female but otherwise similar on both sexes;

punctures limited to intersections of Unes.

Clypeus with anterior bead complete but fine. Pronotum with lateral bead broad, at widest point subequal in width to

width of apex of antennal article 3. Prosternum broadly angulate medially; prosternal process strongly convex but rounded

in cross section; smooth and glabrous medially. Metasternum with anteromedial emargination narrow, not or barely extended

to level of posterior margin of mesocoxal cavities. Metatibia with row (in some irregular) of large punctures along postero-

ventral margin: medioventral face with punctures in basal 1/2 to 2/3, otherwise ventral face smooth, without micropunctation.

Metatarsal article 1 glabrous ventrally. Tarsal claws very short, those of mesotarsus subequal in length to mesotarsal article 4.

Stridulatory organs absent.

Male with articles 1 to 3 of pro- and mesotarsus very slightly dilated; extreme apex of articles 1 and articles 2 and 3 with

few scattered small oval scales; protarsal article 5 with anterior ventral margin slightly produced, in form of small external

apical ridge; anterior protarsal claw (Fig. 154) slightly longer than posterior, with small, very blunt, ventral tooth. Male genitalia

as in Figure 192: aedeagus short, basal piece very large, apex slender and straight: paramere strongly sclerotized, rod-like,

with dense brush of long black setae at apex.

Taxonomic notes. — On the basis of habitus, microsculpture and weakly toothed anterior

protarsal claw of males, this species shows affinities with both A. punctulatus and A. semi-

punctatus. However, the short aedeagus and the peculiar paramere is totally unlike anything

found in other species of the genus. Because of this, the species appears to occupy a rather iso-

lated position.

Etymology. - The trivial epithet is based on the given name of my wife, Margaret, who col-

lected the holotype.

Natural history notes. — Specimens were collected only in the early spring, when they were

found uncommonly in flooded and emergent vegetation along margins of small temporary

prairie ponds, usually in association with the much more abundant species A. punctulatus and

are generally identified as small dark colored males of that species. These insects are most fre-

quently in water on undisturbed prairie and the presence of cattle and their associated effects

of trampling, removal of vegetation and deposition of manure in the water, appear inimical

to this species. The scarcity of this species in collections may reflect scarcity of prairie ponds

undisturbed by livestock. All specimens examined have been collected between April 1 8 and

June 3. None are teneral.

Distribution. — The species is known only from Alberta (Fig. 406). Specimens from the

following localities have been labelled as paratypes.

Onefour Research Station (male. May 12, 1972, UC); 5 mi W Onefour Research Station (female. May 12, 1972, UC);Tp. 6

Rge. 2 W 4 (male. May 12, 1972, UC); Tp. 9 Rge 3 W 4 (male. May 19, 1970, CARR); Medicine Hat (male, April 18, 1925,
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F. Carr, UASM); Medicine Hat (female, June 3, 1956, CARR); Hwy. 41, 10 mi N Medicine Hat (male. May 24, 1970, UC);

12 mi SW Empress (male. May 24, 1970, UC); 18 mi S Magrath (female. May 9, 1970, UC).

Agabus punctulatus Aube, 1838

Agabus punctulatus Aube, 1838: 332. (Type locality - “I’Amerique du Nord”.). Melsheimer 1853: 30. - LeConte 1863a:

17. - Gemminger and Harold 1868: 456. - Zimmermann 1920: 171. - Fall 1922: 17. - Brown 1932b: 201. - Leech

1938a: 126. - Leech 1949a: 247. - Hatch 1953: 219. - Anderson 1962: 68. - Gordon and Post 1965: 19. - Wallis

1973: 106.

Gaurodytes aeneolus Crotch, 1873: 421. (Type locality - not specified, specimens from Pennsylvania and Newfoundland.)

Sharp 1882: 507. - Zimmermann 1920: 155.

Diagnosis. - The combination of small size, aeneous sheen of the dorsal surface and toothed

anterior protarsal claw of the male, separates this species from all other Alberta species of

Agabus except for A. pisobius. On specimens of the latter, the suture between abdominal sterna

2 and 3 is raised into a fine carina, a modification absent from specimens of A. punctulatus.

Description. - Measurements of 30 specimens from Southern Alberta, are: TL - 5.60 to 6.40 mm (X = 6.04 ± 0.19 mm);

MW - 3.04 to 3.52 mm (X = 3.30 ± 0.14 mm); TL/MW - 1.73 to 1.89 (X = 1.82 ± 0.04);WC/WS - 2.45 to 1.89 (X = 2.68 ±

0.09).

Color of dorsal surface dark rufous to piceous, almost black in some males; most specimens with faint aeneous sheen.

Head with frontal spots, anterior portion of clypeus and labrum, rufous; antenna testaceous basally, outer articles hght

rufous and infuscate apicaUy; palpi testaceous, terminal article of each palpus infuscate apically; ventral surface of head rufous

to rufopiceous. Pronotum with lateral margins rufous. Elytron with epipleuron and lateral margin rufous, disc darkened med-

ially. Ventral surface piceous with prosternum and its process, metasternum medially, metacoxal process and posterior margin

of abdominal sterna 3 to 6, rufous. Legs rufous.

Sculpture of frons medially of meshes irregular in shape and size, more even in size laterally, smooth or with very fine

sparse punctation; lines with small punctures situated primarily in intersections. Pronotum with sculpture similar to that of

head but hues Ughtly impressed medially on disc, deepened laterally; punctation in lines more conspicuous than on head.

Elytron of male (Fig. 291) with meshes slightly smaller than those on pronotum, irregular in size and shape and without

definite pattern of orientation; meshes smaller and more regular laterally and apically, finely punctate basomediaUy, smooth

or on some specimens with suggestion of obsolete secondary reticulation; lines with deep conspicuous punctures in inter-

sections. Female (Fig. 292) with some meshes in basomedial area longitudinally oriented, laterally and apically more rounded

and irregular; meshes on most specimens with secondary microreticulation; lines of primary sculpture with scattered punctures

at intersections, punctures somewhat inconspicuous on coarsely sculptured individuals. (Degree of longitudinal stretching of

primary meshes varies considerably; however, almost all specimens show some tendency towards longitudinal arrangement

of meshes on basomedial portion of the elytron.)

Clypeus with fine but complete anterior margin. Pronotum with lateral bead of moderate width, about 0.5 maximum

width of antennal article 3: complete but shghtly narrowed toward front angle. Mesotarsal claws longer than mesotarsal article

4. Metatibia with irregular row of setiferous punctures along at least basal 1/2 to 2/3 of posteroventral margin; ventral face

with numerous small shallow punctures, almost indiscernible on some specimens. Inner metatibial spur subequal in length to

metatarsal article 1. Metatarsal article 1 with from 1 to 5 or 6 inner ventral setae.

Male with articles 1 to 3 of pro- and mesotarsus distinctly dilated, ventral surface of apical half of articles 1, and articles

2 and 3, with numerous small oval scales; article 5 unmodified. Anterior protarsal claw (Fig. 155) slightly longer than posterior,

with acute more or less distaUy directed tooth. Aedeagus (Fig. 189) with basal piece very large; apex strongly twisted to right;

median groove open for entire length in ventral view, not covered near middle by extension of left side of aedeagus: paramere

normal, fringed apicaUy with golden setae.

Taxonomic notes. — Alberta specimens vary considerably in color, sculpture and development

of setae on the metatibia, but a geographical pattern is not evident.

Natural history notes. — These beetles are common in temporary prairie melt ponds among

flooded grasses or emergent vegetation and also in shallow areas of larger permanent ponds

where vegetation is dense. This is one of the first species of dytiscids to be found in the spring,

and specimens copulated in the shallow layer of water covering the ice of a still frozen roadside

pond on April 4, 1971. Teneral specimens were collected from June 16 to August 8, with the

majority being taken during July.

Distribution. — This species ranges from New England to Arizona and Colorado, and north

to Alberta. Hatch (1953) records A. punctulatus from northeastern Washington, but it is largely

replaced by A. oblongulus Fall and A. pisobius Leech west of the Rocky Mountains. The species
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occurs throughout the prairie and southern parkland areas of Alberta and is perhaps isolated

in the Peace River area. I examined 346 specimens from Alberta localities (map, Fig. 407).

Agabus pisobius Leech, 1949

Agabiis pisobius Leech, 1949a: 246. (Type locality - Creston, B. C., 2000 feet, Holotype in CAS, No. 6153 (type not seen.)

Hatch 1953: 219.

Diagnosis. - Similar to A. punctulatus but the elytral microsculpture does not show sexual

dimorphism, and both sexes possess a “stridulatory organ” formed from sterna 2 and 3 and

the anterodorsal margin of the metafemur (Larson and Pritchard, 1974).

Description. - Measurements of 12 Alberta specimens (six of each sex) are: TL — 5.68 to 6.32 mm (X = 6.04 ± 0.16 mm);

MW - 3.04 to 3.28 mm (X = 3.15 ± 0.08 mm); TL/MW - 1.87 to 1.97 (X = 1.92 ± 0.04); WC/WS - 2.55 to 2.94 (X =

2.72 ± 0.12).

Color piceous to black with dorsal surface faintly aeneous. Head with anterior margin and frontal spots (indistinct in many

specimens), rufous: antenna pale rufous, outer articles lightly infuscate apicaUy; palpi pale rufous with apex of terminal article

of each palpus, lightly infuscated. Pronotum and elytron with lateral margin rufous. Epipleuron rufous. Elytron with small

subapical depigmented spot (on some specimens visible only when elytron is lifted). Prosternum, prosternal process, meta-

sternum medially, metacoxal process and the posterior margins of sterna 3 to 6, rufous. Legs rufous except femora more or

less infuscate medially.

Head with sculpture of meshes irregular in size and shape; meshes with small sparse punctures, otherwise smooth and shiny;

scattered somewhat obscure punctures in lines, primarily at intersections. Pronotum with lines finely impressed, meshes largest

medially on disc, smaller laterally, with strong longitudinal orientation basomedially, irregular elsewhere on disc. Elytron with

sculpture (Fig. 293) similar to pronotum but lines more deeply impressed, punctures at intersections of lines distinct; meshes

irregular in size and shape, without definite orientation, or on some females with slight tendency for longitudinal arrangement

of larger meshes in basomedial region of elytron; meshes smooth, without secondary reticulation, or at most with secondary

sculpture suggested towards apex.

Clypeus with anterior margin finely and completely margined. Pronotum with lateral bead narrow, about 0.5 width of apex

of antennal article 3, not or only slightly narrowed toward front angle. Prosternal process narrow, strongly and evenly convex;

sparsely setose laterally. Metafemur with posteroapical angle somewhat produced. Metatibia with posteroventral series of

punctures extended to at least middle, and on many specimens, almost to apex, medioventral face smooth or with sparse very

shallow micropunctation. Metatarsal article 1 glabrous beneath. Suture between sterna 2 and 3 raised laterally into low sharp

ridge; metafemur with anterior dorsal margin cut by numerous small transverse grooves in form of file.

Male with articles 1 to 3 of pro- and mesotarsus moderately dilated (ratio width article 1/width article 4 = 1.50 to 1.75),

with small oval scales beneath. Anterior protarsal claw (Fig. 156) with ventral tooth, located more basally than that o^ punc-

tulatus Aube; apex of tooth directed at an angle away from the longitudinal axis of the claw. Aedeagus (Fig. 191) with basal

piece large, apex strongly twisted to right, ventral groove covered dorsally near middle by extension of left side.

Natural history notes. — In a locality 4 miles north of Lundbreck, adults were collected from

a small reservoir formed by damming of a runoff creek. They were in shallow warm water at

the point where the stream entered the pond in water four inches deep and choked with emer-

gent or flooded grasses, Juncus sp., Sagittaria sp. and detritus. The closely related species, A.

punctulatus, though widely distributed in southwestern Alberta, was not taken from this pond.

Teneral specimens were collected July 6 and 12.

Distribution. - Leech (1949) recorded A. pisobius from southeastern British Columbia,

eastern Washington and Idaho. In Alberta, A. pisobius is known only from the vicinity of the

Crowsnest Pass. I examined 14 specimens from Alberta localities (map. Fig. 408).

Agabus austinii Sharp, 1882

Agabus austinii Sharp, 1882: 516. (Lectotype (here selected), male in BMNH labelled as follows: Agabus austinii 6 Crotch

fide LeConte, Utah 792: Sharp Coll. 1905 - 313; Type 192 Agabus austinii.). - FaU 1922: 20. - Hatch 1933b: 11. -

LaRivers 1951: 403. - Hatch 1953: 221. - Leech and Chandler 1956: 320. - Anderson 1962: 69.

Gaurodytes austinii l^tConie, 1878: 466, (nomen nudum).

Description. - Measurements of 20 specimens from localities in the Crowsnest Pass, Alberta, are: TL - 7.92 to 9.04 mm
(X = 8.53 ± 0.28 mm); MW - 4.08 to 4.72 mm (X =4.41 ± 0.16 mm); TL/MW - 1.88 to 1.96 (X = 1.94 ± 0.02); WC/WS
- 3.09 to 3.80 (X * 3.44 ± 0.18).

Color of dorsal surface, brown to piceous. Anterior margin of head, frontal spots, lateral margins of pronotum and elytron.
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and epipleuron, testaceous to pale brown. Labrum and mouthparts rufous. Antenna testaceous, article 11 and in some speci-

mens also article 10 infuscated apically. Palpi testaceous, apex of terminal article of each palpus lightly infuscate. Ventral

surface, piceous to black; proepisternum testaceous to light rufous; prosternal process, posteromedial portion of metastenium,

metacoxal process, metacoxa internally, and hind margins of abdominal sterna 3 to 6, rufous. Front and middle legs rufous,

hind legs slightly darker.

Sculpture slightly sexually dimorphic. Male pronotum with large meshes, on many specimens longitudinally oriented

medially, smooth or laterally on disc with lightly impressed secondary microreticulation; elytron (Fig. 294) with meshes

longitudinal basomedially, laterally and apically irregular or slightly transverse, smooth and shiny or with obsolete secondary

sculpture medially on disc, secondary sculpture stronger toward apex; with sparse very fine punctures. Female with sculpture

similar to that of male but meshes on pronotum more strongly stretched; meshes of elytron (Fig. 295) on most specimens

with strong secondary reticulation, on many specimens more lightly impressed laterally and apically.

Clypeus finely but completely margined. Prosternal process strongly convex, rounded in cross section; smooth and almost

completely glabrous; apex sharply pointed. Metasternum with anterior medial emargination extended to level of hind margin

of mesocoxal cavities. Metatibia with punctures of posteroventral margin restricted to basal 0.25 to 0.33 on most specimens;

entire ventral face with sparse very fine punctures on most specimens. Metatarsal article 1 glabrous ventrally.

Male with articles 1 to 3 of pro- and mesotarsus narrowly dilated; ventral surface of article 1 with dense adhesive setae,

articles 2 and 3 with four to six small oval scales in addition to adhesive setae. Pro tarsal claw (Fig. 157) very slender; anterior

claw slightly narrower and shorter than posterior, with outer margin slightly arcuate, inner margin almost straight, base ven-

trally with a small obtuse tooth. Aedeagus (Fig. 193) simple, slender: basal piece small: apex with very slight bend to right.

Taxonomic notes. — Sharp (1882) placed this species in group 10 of Agabiis — an obviously

heterogeneous assemblage which contained species such as A. congener (Payk.), A. ambiguus

(Say), A. anthracinus Mann., A. subfiiscatus Sharp, A. aiistinii Sharp and A. strigulosus (Crotch).

However, the association of A. austinii with A. ambiguus and A. strigulosus suggested by Fall

(1922) in his arrangement of species, may be satisfactory. These species share the following

characters: primary elytral sculpture coarse, meshes large bearing secondary reticulation; antero-

medial metasternal sulcus well developed; male with protarsal articles 1 to 3 together bearing

glandular pubescence and oval scales beneath, protarsal claws simple and slender; aedeagus simple

and slender, apex not or only slightly twisted to right; parameres triangular in shape. The eastern

North American species A. erytbropterus (Say) probably belongs to this group, for the peculiar-

ly modified male protarsal claws and laterally flanged aedeagus are already suggested in the cor-

responding structures of ambiguus.

Natural history notes. - Adults are usually found in shallow, cool choked waters as-

sociated with beaver ponds and small springs. The bottom in these areas is usually composed

largely of soft black organic mud. Most specimens were collected in forested areas, but there

are several records of this species from springs along the eastern edge of the southwestern foot-

hills. Mature larvae and pupae were collected in mid-June (June 17-19, T.G. Leischner) from

beaver ponds along Lusk Creek, Kananaskis Experimental Forest, Alberta, and third instar

larvae o^ Agabus sp., probably belonging to A. austinii, were collected from this site during

winter months, demonstrating that larval overwintering occurs. A brief description of this

habitat is given by Pritchard and Hall (1971). Teneral adults were collected from June 19 to

August 30. No records of flight are available.

Distribution. — This species is widespread in western North America, from New Mexico and

California north to at least the southern Yukon Territory (mile 450, Alaska Highway, CARR!)

and east to Alberta. In Alberta, the species is common througliout the western mountains,

sporadic in west central Alberta and apparently isolated in the Cypress Hills. I examined more

than 200 Alberta specimens (map, Fig. 409).

Agabus ambiguus (Say, 1823b)

Colymbetes ambiguus Say, 1823b: 96. (Type locality - not stated, interpreted by Fall (1922) as eastern Pennsylvania.) -

LeConte 1850: 214. - Melsheimer 1853; 30. - LeConte 1859b; 510. - Gemminger and Harold 1868; 453. - Sharp

1882: 513. Horn 1883: 278. - Leng 1920: 79. - Ziinmermann 1920; 71. - Fall 1922: 21. - Leng and Mutchler 1927:

17. - Brown 1932b: 201. - Leech 1938a: 127. - J. Balfour-Browne 1948; 160, 164. — Hatch 1953; 221. - Gordon and

Post 1965: 20. - MacKay 1969: 1157. - WaUis 1973: 107.
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Agabus reticulatus Aube, 1838: 355. (Type locality - North America), not Kirby, 1837. - LeConte 1863a: 17. - Sharp

1882: 522. - Horn 1883: 282. - Wickham 1895b: 121.

Agabus fimbriatus LeConte, 1850: 214. (New name for .4. reticulatus Aube.). - Melsheimer 1853: 30. - Crotch 1873: 214.

Diagnosis. — The coarse primary sculpture and well-developed secondary sculpture separate

specimens of this species from most others in the province. In addition to this, the combination

of large size, basally flattened prosternal process, and micropunctation of the metatibia, dis-

tinguish A. ambigiius from specimens of A. strigulosus, the only similar species in the fauna.

Description. - Measurements of 20 specimens from ten miles south of Lethbridge, Alberta, are: TL - 7.84 to 8.56 mm
(X =8.16 ± 0.16 mm); MW - 3.96 to 4.32 mm (X =4.16 ± 0.10 mm); TL/MW - 1.89 to 2.04 (X = 1.96 ± 0.04);WC/WS

- 2.78 to 3.33 (X = 3.05 ± 0.13).

Head black except frontal spots, anterior margin of clypeus, and labrum, rufous; antenna light rufous, outer articles in-

fuscate apically; palpi pale except apex of terminal article of each palpus, lightly infuscate. Pronotum black except lateral

bead and margin narrowly inside of bead, rufous and posterior margin narrowly piceous. Scutellum piceous. Elytron with

lateral and basal margins light brown, disc dark brown to piceous; epipleuron piceous to black, narrowly rufous along outer

margin. Ventral surface black except apex of metacoxal process and hind margins of abdominal sterna 3 to 6, rufous to piceous.

Legs rufous except metafemur and tibiae dark rufous or piceous, at least medially and ventrally; some specimens with pro-

and mesofemora infuscate medially.

Sculpture of head of large irregular meshes; secondary reticulation, more or less effaced medially on frons but evident

at least laterally and posteriorly; punctation of meshes sparse and fine. Pronotum with sculpture similar to that of head

although lines slightly deeper and meshes on disc lateral to medial line with longitudinal orientation on some specimens;

meshes smooth and shiny medially, microreticulate laterally. Elytron (Fig. 296) with large irregular meshes, partially oriented

longitudinally basomediaUy (best developed on female); meshes with isodiametric secondary microreticulation, somewhat

effaced on some males and stronger on females than on males.

Clypeus with anterior bead complete. Pronotum with lateral bead of moderate width, well defined almost to front angle.

Prosternal process broad, flat or slightly convex basally, strongly convex toward apex; smooth and only sparsely punctate;

apex acuminate. Metasternum with anterior medial emargination extended to level of hind margin of mesocoxal cavities.

Metatibia with scattered punctures along posteroventral margin, extended on distal half on some specimens; medioventral

series of punctures small, restricted to basal third; ventral face with very small somewhat longitudinally shaped punctures

scattered over surface; on some specimens punctures very small and sparse. Metatarsal article 1 glabrous beneath.

Male with articles 1 to 3 of pro- and mesotarsus distinctly dilated; articles 1 with glandular setae basally and a single row

of oval scales along apical margin, articles 2 and 3 with scales only. Anterior protarsal claw (Fig. 158) long and slender slightly

sinuate beneath; posterior claw slightly longer, dorsal-ventraUy flattened and somewhat expanded laterally. Male genitalia

(Fig. 194) with aedeagus simple, apex flanged laterally; not at all twisted: parameres normal for genus.

Taxonomic notes. — Although the type specimen is lost. Fall (1922) makes a very good

case for applying the name ambigiius to the present species.

Natural history notes. — On the prairies, this species is an inhabitant of springs and small

creeks. However, in the forested northern portion of the province, specimens were taken in

streams, beaver ponds and Carex marshes (usually with running water in the vicinity).

Distribution. ^ This species occurs from the Maritime Provinces to British Columbia, and

south to Virginia in the east. In the west, I have specimens from as far south as Oregon (Dry

Falls L., O. Edwards, UASM), and north to the southern Yukon (Mile 627, Alaska Hwy., CARR).

I examined more than 200 specimens from Alberta localities (map. Fig. 410).

Agabus strigulosus (Crotch, 1873)

Gaurodytes strigulosus Crotch, 1873: 422. - (Type locality - Lake Tahoe, California.) - Sharp 1882: 517. - Zimmermann

1920: 173. - FaU 1922: 20. - Hatch 1933b: 11. - Leech 1938a: 127. - Leech 1942a: 78. - LaRivers 1951: 403. -

Hatch 1953: 221. - Leech and Chandler 1956: 320. — Anderson 1962: 69.

Gaurodytes nanus LeConte, 1878b: 452. (Type locahty - Florissant, Colo., 8000^) - Zimmermann 1920: 173.

Diagnosis. — Similar to A. ambigiius but smaller and differing in the characters given in the

key to species and listed in the diagnosis of A. ambigiius.

Description. - Measurements and ratios of 20 specinrens from Allison Lake, near Coleman, Alberta, are: TL - 6.08 to

6.96 mm (X = 6.49 ± 0.27 mm); MW - 3.04 to 3.52 mm (X = 3.27 ±0.17 mm); TL/MW - 1.93 to 2.05 (X = 1.99 ± 0.04);

WC/WS - 2.61 to 3.05 (X = 2.82 ± 0.12).

Color of head black except frontal spots, and on some specimens anterior margin of clypeus, rufous; labrum rufous; antenna

testaceous with articles 4 or 5 to 11 infuscate apically; palpi testaceous except terminal article of each palpus infuscate apically.
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Pronotum black except lateral margin narrowly rufous. Elytron dark brown to piceous, except lateral margin, especially in

humeral region, rufous to brown; epipleuron piceous or black. Ventral surface black except metacoxal process and posterior

margins of abdominal sternites 3 to 6, rufous. Legs rufous except coxae and femora basally and medially, infuscate.

Sculpture of head of large irregular meshes with fine secondary reticulation, best developed laterally behind eye and on

most specimens more or less obsolete medially. Pronotum with sculpture similar but lines more deeply impressed, meshes

somewhat longitudinal in arrangement medially, and secondary sculpture usually absent from disc, somewhat effaced laterally.

Elytron (Fig. 297) with large irregular meshes; longitudinal basomedially on many specimens, with fine isodiametric secondary

reticulation; serial punctures centered on meshes of primary sculpture.

Clypeus with anterior bead complete. Pronotum with lateral bead complete but narrow. Prosternal process broad, smoothly

convex to obtusely angulate medially, densely punctate and setose, apex sharply pointed. Metasternum with anteromedial

emargination extended to level of hind margin of mesocoxae. Metatibia with punctation of posteroventral margin highly varied,

from one or two punctures on some specimens to almost complete tine of distinct but narrowly separated punctures on basal

half on other specimens; ventromedial series of punctures on basal 1/3 to 1/2 of metatibia, otherwise metatibia smooth and

impunctate. Metatarsal article 1 glabrous ventrally.

Male with articles 1 to 3 of pro- and meso tarsus narrowly but distinctly dilated; articles 1 with glandular setae basally and

a row of small oval scales apically; articles 2 and 3 with small scales and adhesive setae beneath. Protarsal claws (Fig. 159)

narrow, relatively unmodified: anterior claw slightly longer than posterior. Aedeagus (Fig. 197) simple, evenly narrowed

toward apex and not bent laterally.

Natural history notes. - This is the most common species of dytiscid in Carex marshes in

the mountainous parts of the province. Specimens of strigulosus are found amid Carex stalks

in shallow water, usually over a bottom of soft organic mud. Teneral specimens were collected

during July and August.

Distribution. — This is a western species, known from Colorado and California, north to

Alberta and at least the southern Yukon (Mile 627, Alaska Hwy., CARR!). I examined more

than 600 specimens from Alberta localities (map. Fig. 411).

Agabus tristis Aube, 1838

Agabus tristis Aube, 1838: 356. (Type locality - “Amerique septentrionale”.)- Mannerheim 1843: 220. - Melsheimer 1853:

30. - LeConte 1857: 11. - Gemminger and Harold 1868: 457. — Crotch 1873: 422. - Sharp 1882: 531. - Wickham

1895b: 121. - Kincaid 1900: 371. - Schwarz 1900: 175. - Zaitzev 1905: 212. - Poppius 1910: 348. - Zimmermann

1919: 208. - Leng 1920: 79. - Zimmermann 1920: 174. - Fall 1922: 33. - Fall 1926: 143. - Brown 1930b: 236. -

Zimmermann 1934: 182. - LaRivers 1951: 403. - Hatch 1953: 225. - Zaitsev 1953: 235. — Leech and Chandler 1956:

320. - Anderson 1962: 69.

Agabus dubius Mannerheim, 1843: 221. (Type locality - Sitkha.).

Agabus atratus Mannerheim, 1853: 157. (Type locality - “Ad ostia fl. Kaktnu peninsulae Kenai”.)

Agabus subopacus Mannerheim, 1853; 157. (Type locality - Kadjak Island.)

Agabus crotchi Zaitzev, 1905: 212. (Type locality - “Nord-Cahfornia”.)

Agabus picea Zaitzev, 1905; 212. (Type locality - “Miedny, Kommandor’sche Inseln”.) Not Jakowlew, 1897.

Agabus piceolus Zaitzev, 1907; 123. (New name forM. piceus Zaitzev, 1905, not Jakowl. 1897.)

Diagnosis. ~ The complete row of contiguous punctures along the posteroventral margin of

the metatibia, the elongate fusiform shape of the body, the coarse sculpture and the color,

characterize this species.

Description. - This species varies markedly in size and in the ratio WC/WS over its range. Measurements of 20 specimens

from the junction of the Forestry Trunk Road and James River, Alberta, are: TL - 9.20 to 10.32 mm (X 9.84 ± 0.26 mm);

MW - 4.64 to 5.28 mm (X = 5.02 ± 0.14 mm);TL/MW - 1.89 to 2.00 (X = 1.96 ± 0.03); WC/WS - 2.23 to 2.69 (X = 2.42

± 0 . 12 ).

Dorsal surface generally dark rufous to rufopiceous. Head piceous, except frontal spots, anterior margin of clypeus, gena

medial to eye, and mouthparts, rufous; clypeus testaceous; antenna rufous except outer 2 to 6 articles infuscate apically;

palpi rufous with terminal article of each palpus infuscate apically. Pronotum rufous with medial transverse piceous band,

on most specimens poorly limited posteriorly and continuous with posterior margin, rarely clearly delimited on all sides, or,

on some specimens broadly expanded and extended over disc except anterolateral margins. Elytron with epipleuron, lateral

margin in basal two thirds, base, and narrow band along suture, rufous; disc medially and apically darker, dark brown to

piceous. Ventral surface piceous or black, with proepisternum, prosternum of most specimens, metacoxal processes, abdominal

sternum 1 medially and the posterior margin of sterna 2 to 6, rufous; some specimens with pale areas expanded and ventral

surface of body largely rufous. Legs rufous with bases of femora, especially metafemora, infuscate.

Sculpture sexually dimorphic. Male head with deeply impressed lines in form of large meshes irregular in shape, with very

fine sparse punctation; pronotum with sculpture similar but meshes with an evident longitudinal or oblique arrangement, at
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least medially on disc; elytron (Fig. 298) with large irregular meshes, sparsely punctate, with fine secondary isodiametric

reticulation somewhat effaced basally but stronger and more or less continuous towards apex. Female with meshes on disc

of pronotum narrower, more strongly longitudinal in arrangement; elytron (Fig. 299) with lines lightly impressed, meshes

on base strongly stretched obliquely, more irregular in shape and orientation toward apex, with strong microreticulation.

Pattern of sculpturing subject to some variation, some females very closely approaching male condition.

Clypeus with anterior margin complete or only narrowly and irregularly broken near middle. Pronotum with lateral margin

complete, anterior angles acute with anterolateral margin slightly sinuate on many individuals. Prosternum broadly angulate

medially; process dilated behind procoxae and moderately and smoothly convex; apex sharply pointed. Metafemur clavate,

evenly dilated toward apex. Metatibia with complete row of confluent punctures along posteroventral margin; ventral face

punctate on basal half. Metatarsal articles glabrous ventrally.

Male with articles 1 to 3 of front and middle tarsi dilated, together with dense covering of adhesive hairs ventrally; scales

absent. Protarsal article 5 unmodified; anterior protarsal claw (Fig. 160) with ventral basal tooth. Aedeagus and paramere

as in Fig. 195.

Taxonomic notes. - Leech (1938b) concluded that variation in convexity and form has

no geographical basis in this species. Although color varies within a population sample, speci-

mens from the California Sierras tend to be darker (many specimens entirely black dorsally)

than those from other North American localities. If the Sierra specimens are judged to be

subspecifically distinct, the name A. crotchi Zaitzev is available.

Natural history notes. - Although this is one of the most abundant species of Agabus in

the Rocky Mountains, it is increasingly uncommon in the northern and eastern portioris of

the province. Most specimens were found among sedges along margins of beaver ponds, small

lakes, backwaters of small creeks and in springs, often where the water is quite cold. The species

was also taken regularly along rocky banks of alpine lakes. T. Leischner collected mature larvae

from a beaver pond on Lusk Creek, Kananaskis Research Forest, between April 4 and May 4,

1971. Teneral specimens were found as early in the spring as May 17 (James R.), but the maj-

ority of tenerals were collected from June 20 to August 27. As adults were collected through-

out May, and as late in the fall as November 15, it appears that the species overwinters as either

a third instar larva or adult.

Distribution. - This species ranges from Labrador westward to Siberia. East of the Rocky

Mountains it is mainly northern, extending south into the mountains of New Hampshire. In

the west A. tristis ranges south to New Mexico, Arizona and California. In Alberta, the species

is in the Rocky Mountains, and in the northern and eastern portions of the province, and is

apparently isolated in the Cypress Hills. I examined more than 300 specimens from Alberta

localities (map. Fig. 412).

Agabus leptapsis (LeConte, 1878)

Gaurodytes leptapsis LeConte, 1878; 596. (Type locality - Marquette, Michigan.) — Sharp 1882; 776. - Zimmermann 1920;

167. - Fall 1922; 34. - Leng and Mutchler 1927; 18. - Brown 1930b; 236. - Hatch 1953; 225.

Agabus leptapsis Leng 1920; 79.

Diagnosis. — This large, black, fusiform species, closely resembles dark specimens of A. tristis

or a species of Ilybius.

Description. - Measurements of three males from Alberta are; TL - 9.68 to 10.00 mm (X = 9.84 mm); MW - 5.12 to

5.20 mm (X - 5.15 mm);TL/MW - 1.89 to 1.95 (X = 1.91);WC/WS - 1.86 to 2.02 (X - 1.94).

Color black except following. Head with frontal spots and labrum, rufous; antenna with articles 1 and 2 testaceous, outer

articles progressively darker, rufous or infuscate apically; palpi rufous, terminal article of each palpus infuscate apicaUy. Pro-

notum with lateral margin narrowly piceous, posterior margin piceous. Elytron with shoulder and epipleuron, piceous. Meta-

coxal process and posterior margins of abdominal sterna 3 to 6, piceous. Legs dark rufous to piceous.

Sculpture of head of deeply impressed lines in form of large irregularly shaped meshes, smooth with sparse fine punctures.

Pronotum with lines slightly deeper, meshes large, medially with strong longitudinal arrangment, less so laterally; secondary

reticulation well developed laterally but more or less effaced medially. Elytron (Fig. 300) with coarse meshes longitudinal

in orientation basomedially on disc, more or less oblique in humeral area, irregularly oriented apicaUy; with secondary reticula-

tion.

Structure similar to A. tristis Aube but differing as follows; body larger and broader, more convex dorsally; prosternum
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broadly angulate medially; process convex but rounded, sharply pointed: metatarsal article 1 with ventral lateral row of

setae extending almost entire length: male anterior protarsal claw (Fig. 161) without basal tooth; more strongly arcuate

and narrower apically: aedeagus (Fig. 196) similar in the two species.

Natural history notes. - The normal habitat of this species is unknown. The three Alberta

specimens were taken from among submerged Carex and Calamagrostis stalks along the mar-

gin of a small brownwater stream draining a sprucQ-Sphagnum bog.

Distribution. - A. leptapsis has been recorded from Michigan, Quebec, Ontario and south-

eastern British Columbia. This species is probably widespread in the boreal portions of North

America. I have seen three specimens from the locality indicated in Figure 413.

Agabus arcticus (Paykull, 1798)

Dytiscus arcticus Paykull, 1798: 201. (Type locahty - “Habitat in aquis Lapponiae Tornoenfis”.) - Gemminger and Harold

1868: 453. ~ Crotch 1873: 422. - Sharp 1882: 526. -Leng 1920: 79. - Zimmermann 1920: 30. - Fall 1922: 30. -

Hatch 1928: 222. - Brown 1930b: 236. - Zimmermann 1934: 195. - F. Balfour-Browne 1950: 93. - Zaitsev 1953:

245. - Wallis 1973: 108.

Colymbetes reticulatus Kirby 1837: 71. (Type - male in BMNH labelled: Type H.T.; N. Amer. 6 5776 a; Colymb. reticulatus

Kirby; N. Amer. 5776, Rev. Wm. Kirby.). Not Aube, 1838. - Gemminger and Harold 1868: 456. - Horn 1883: 282.

Agabus subfasciatus LeConte 1863: 17. (nomen nudum). (European synonymy and references omitted.)

Diagnosis. - The combination of medially pale pronotum (of most specimens), coarse elytral

sculpture, flat or slightly longitudinally concave prosternal process, and sinuate lateral margin

of pronotum of female, is characteristic of this species.

Description. - Measurements of 20 specimens from Lawrence Lake near Smith, Alberta, are: TL - 7.44 to 8.00 mm (X

= 7.71 ± 0.16 mm); MW - 3.84 to 4.16 mm (X =4.03 ± 0.09 mm); TL/MW - 1.87 to 2.00 (X = 1.91 ± 0.03);WC/WS-

2.33 to 2.80 (X = 2.59 ± 0.12).

Head black with frontal spots, clypeus, labrum and mouthparts, testaceous; antenna testaceous except articles 3 or 4 to

1 1 infuscate, palpi testaceous except terminal article of each palpus infuscate apically. Pronotum testaceous to pale rufous

except basal and apical margins broadly bordered with black medially (some specimens with anterior and posterior black

margins continuous medially on disc but such specimens not seen from Alberta). Elytron brown medially, paler basally and

laterally. Ventral surface largely black. Legs rufous.

Elytron with sculpture (Fig. 301) consisting of deeply impressed lines in form of coarse meshes irregular in size and shape;

without definite pattern of orientation, or on some specimens, somewhat transverse posterolateraUy, more or less smooth

but some specimens with obsolete secondary reticulation.

Clypeus with anterior bead, slightly broadened and narrowly interrupted medially on some specimens, usually complete.

Pronotum of male (Fig. 138) with narrow but complete lateral bead: female (Fig. 139) with bead on basal half only, pro-

notal margin sinuate towards front angle. Prosternum angularly convex medially; prosternal process flat or slightly concave

basally; apex acuminate. Metasternum with anteromedial impression extended to level of hind margin of mesocoxae. Meta-

femur very broad apically. Metatibia with complete row of separated setiferous punctures along posteroventral margin.

Male with articles 1 to 3 of pro- and mesotarsi dilated, together with four transverse rows of large circular scales and

row of very small scales on basal portion of article 1; anterior protarsal claw (Fig. 162) shorter than posterior, with broad ventral

tooth in basal half; posterior claw sinuate basally. Male genitalia as in Figure 198: aedeagus with basal piece very large; apex

twisted to right.

Taxonomic notes. — This species varies individually in extent of dark maculations of the

pronotum. Specimens from Alberta and the southern Northwest Territories are considerably

larger than are specimens from some other portions of the species’ range (7.44 to 8.00 mm).

Both F. Balfour-Browne (1950) and Fall (1922) give the range of length as 6 to 7.5 mm for

specimens from Britain and Labrador respectively, while Zaitzev (1953) gives a size range of

7 to 7.5 mm for specimens from the USSR.

Natural history notes. - This species appears to be an inhabitant of sheltered margins of

larger clear lakes, especially in situations where the bottom is clean and firm and some emer-

gent vegetation is present. Teneral specimens were collected from August 29 to September 30,

in various localities around Great Slave Lake.

Distribution. — This species has a circumpolar distribution, occurring in Ireland and Scotland,

and across northern Europe and Asia, generally north of 60° N latitude (F. Balfour-Browne,

1950). In North America, A. arcticus ranges from Alaska to Labrador in the boreal and arctic
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regions, north to Aklavik (Bryant, UASM). I examined more than 40 specimens from Alberta

localities (map. Fig. 414).

Agab us anthracinus Mannerheim, 1852

Agabus anthracinus Mannerheim, 1852; 304. (Type locality - “Nov. Archangelsk insulae Sitkhae”.) - Sharp 1882: 514. —

Horn 1883: 281. - Wickham 1895b: 120. - Blatchley 1910: 226. - Carr 1920: 4. - Leng 1920; 79. - Zimmermann

1920: 171. - Fall 1922: 31. - Fall 1926: 141. - Brown 1930b: 236. - Brown 1932b; 201. - Leech 1938a: 127. -

J. Balfour-Browne 1948: 160. - Hatch 1953; 225. - Anderson 1962: 69. - Gordon and Post 1965: 21. - James 1970:

94. - WaUis 1973: 108.

Agabus scapularis Mannerheim, 1852: 303. (Type locality - as above.). - LeConte 1863a: 17. — Gemminger and Harold

1868: 456. - Sharp 1882: 755.

Diagnosis. — (Fig. 6). A moderate sized, mainly black species with very coarse elytral sculp-

ture. The metafemur of the male, and to a lesser extent, the female, has the posteroapical angle

below the femoral comb produced posteriorly.

Description. — Measurements of 20 specimens from the vicinity of Manning, Alberta, are; TL — 7.20 to 8.10 mm (X =

7.55 ± 0.24 mm); MW - 3.76 to 4.16 mm (X = 3.90 ± 0.10 mm); TL/MW - 1.88 to 2.00 (X = 1.94 ± 0.03); WC/WS -

2.53 to 2.88 (X = 2.70 ± 0.10).

Body black except as noted, more or less shiny. Head with frontal spots and anterior margin of clypeus, dark rufous to

piceous; labrum testaceous; antenna testaceous basaUy, articles 4 to 11 infuscate apically; palpi testaceous with terminal

article of each palpus infuscate apically. Pronotum with lateral bead, and on some specimens disc narrowly internally to

bead, rufous. Elytron with rufous or piceous area on shoulder, prolonged posteriorly inside lateral margin of elytron but

indistinct toward middle; epipleuron piceous to black. Ventral surface mainly black. Legs with trochanters, apex of femur,

pro- and mesotibia and tarsi, and to a lesser extent metatibia and tarsus, rufous: natatorial setae of legs dark brown.

Elytron with sculpture (Fig. 302) very coarse, lines deeply and broadly impressed and forming large irregular meshes,

smooth or with obsolete secondary rugosity, without micropunctation; serial punctures medially on meshes.

Clypeus with anterior bead complete, thickened at middle. Pronotum with lateral bead of moderate width, complete.

Prosternum angularly convex; prosternal process on slightly lower plane, slightly and smoothly convex basally, more convex

toward acuminate apex. Metasternum with anteromedial margin deeply impressed. Metafemur (Fig. 142) with posteroapical

angle strongly produced below femoral comb, less developed on female. Metatibia with posteroventral margin with more or

less continuous row of separated punctures along basal half, only few scattered punctures along apical half; medioventral face

finely micropunctate.

Male with articles 1 to 3 of pro- and meso tarsi dilated, together with 10 to 12 large round scales beneath; anterior protarsal

claw (Fig. 163) long and narrow, outer margin slightly and evenly rounded, inner margin almost straight, apex acute and slight-

ly arcuate; posterior claw slightly shorter than anterior and about 0.5 its width. Aedeagus as in Figure 199: basal piece large,

apex bent to right.

Taxonomic notes. — Although the correct application of the name A. scapularis Mannerheim

is not known with certainty, most authors regard it as a synonym of A. anthracinus.

In the North American fauna, this species is quite distinct. Structure of the male genitalia,

coarse sculpture, male protarsal characters and medial thickening of the clypeal bead on many

specimens, suggest a relationship with the species A. arcticus.

Natural history notes. — Members of this very common species are found in a wide variety

of shallow-water habitats in parkland and forested portions of the province, most commonly

in Carex marshes, but also in almost every lotic or slow-flowing water collection site in which

dense emergent vegetation or mats of plant debris occur. Most prairie records refer to single

specimens taken in the fall, a major dispersal period for many dytiscids, and hence may repre-

sent stray specimens rather than actual breeding populations. Teneral specimens were collected

during the latter half of July and August.

Distribution. — This species ranges from Newfoundland to Alaska, and south to Massachusetts,

Michigan and Utah. I examined more than 1,100 specimens from Alberta localities (map. Fig.

415).

Agabus ajax Fall, 1922

Agabus ajax Fall, 1922: 30. (Type locality — Waghorn, Alberta.). - Leng and Mutchler 1927: 17. — Brown 1932b: 201. -
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Hatch 1953: 224. - Anderson 1962: 69. - Carr and Leech 1966: 545. - Wallis 1973: 108.

Diagnosis. - This species is characterized by large broad form, pale color, relatively coarse

rounded or hexagonal meshes of the elytral sculpture, and structure of the metacoxae.

Description. - Measurements and ratios of 20 Alberta specimens are: TL - 8.80 to 10.24 mm (X = 9.62 ± 0.41 mm);

MW^ 5.12 to 5.92 mm (X = 5.62 ± 0.21 mm); TL/MW - 1.65 to 1.78 (X = 1.71 ± 0.03);WC/WS- 3.00 to 4.20 (X =

3.53 ± 0.34).

Body brown with head basally and disc of pronotum medially, dark rufous to piceous: elytron dark brown with lateral,

basal and scutellar margins paler; ventral surface rufous to rufopiceous. Antenna entirely testaceous. Palpi testaceous with

terminal article of each palpus infuscate apically. Legs rufous.

Elytron with sculpture (Fig. 304) of rounded or hexagonal, more or less isodianietric, meshes; without secondary sculpture,

meshes smooth and shiny.

Clypeus with anterior bead fine but complete. Pronotum with lateral bead narrow, poorly defined; disc more or less flat

internally to bead. Prosternal process strongly convex in cross section, with narrowly rounded medial keel; process with apex

slightly deflected upwards behind procoxae and not exactly in same plane as prosternum. Metacoxa with intrahneal space

not scabrous or rugose; metacoxal process with hind margin medial to posterolateral emargination convexly arched. Meta-

tibia with sparse irregular row of setae along posteroventral margin; medioventral face with small scattered punctures.

Male with articles 1 to 3 of protarsus broadly dilated (ratio width article 1/width article 4 - 2.4 to 3.0) (Fig. 175),

together with about 20 large oval scales on ventral surface; protarsal article 5 with ventral tooth (Fig. 166); pro tarsal claws

elongate, slender and more or less straight; anterior claw shghtly sinuate along ventral margin. Aedeagus (Fig. 200) with

subapical spine.

Taxonomic notes. - I have not been able to locate the type locality, Waghorn, on any map

of Alberta or in the Gazetter of Alberta Place Names. Presumably, Waghorn is located in the

vicinity of Edmonton, as this is the area in which F. S. Carr did most of his collecting prior

to 1922.

Natural history notes. — This species is most common in the parkland and mixed forest zones

of the province, usually amid emergent vegetation in shallow water along warm, exposed

margins of permanent ponds. Unlike most species of Agabus, I have not found specimens of

A. ajax earlier in the spring than June 20, and most specimens collected in June and the first

two weeks of July were teneral. It appears as though this species overwinters in an immature

stage and adult overwintering does not occur.

J. Carr collected a single male from a snowbank at about 8,000' (Tp. 35 Rge. 18 W 5) on

July 19, 1973, and also obtained a long series from a small roadside pool located on the northern

portion of the Livingstone Range on August 20, 1973. The presence of beetles in both of these

sites was no doubt due to recent flight.

Distribution. - The species ranges from Newfoundland to British Columbia and from north-

ern Utah to at least Great Slave Lake (Hay River!). I examined 1 16 specimens from the localities

indicated in Fig. 417.

Agabus infuseatus Aube, 1838

Agabus infuseatus Aube, 1838: 330. (Type locality - “Amerique Septentrionale”.). - LeConte 1850: 214. - LeConte 1863a:

17. - Gemminger and Harold 1868: 453. - Crotch 1873: 420. ~ Sharp 1882: 520. - Wickham 1895b: 120. - Leng 1920:

79. - Zimmermann 1920: 167. - Fall 1922: 29. - FaU 1926: 141. - Brown 1932b: 201. - Zimmermann 1934: 198. -

Hatch 1938: 146. - Hatch 1953: 223. - Zaitsev 1953: 257. - Gordon and Post 1965: 20. - Wallis 1973: 107.

Diagnosis. — Specimens resemble small ones of A. ajax Fall but can be recognized on the

basis of dark head and pronotum, rugosity of the intralineal space of the metacoxae, and dif-

ferences in the male protarsus.

Description. - Measurements of six specimens from Yukon Territories (2), Alberta (2), and Manitoba (2), are: TL - 7.68

to 8.56 mm (X = 8.29 ± 0.29 mm); MW - 4.24 to 4.72 mm (X = 4.57 ±0.18 mm); TL/MW - 1.75 to 1.89 (X = 1.81 ±

0.04); WC/WS - 2.32 to 2.89 (X = 2.55 ± 0.19).

Head black; frontal spots, anterior margin of clypeus and labrum rufous; antenna testaceous, outer articles hghtly infuscate

on some specimens; palpi testaceous, terminal article of each palpus lightly infuscate apically. Pronotum with disc black,

lateral margin rufous. Scutellum piceous. Elytron with lateral margin and epipleuron testaceous, disc dark brown to piceous

medially and apically. Ventral surface black except apex of prosternal process, metacoxal process and hind margins of abdominal

sterna 3 to 6, dark rufous to piceous. Legs rufous except coxae, femora and metatrochanters darker.
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Elytron with sculpture of small rounded more or less isodiametric flat, smooth and shining meshes.

Clypeus with very narrow but complete anterior bead. Lateral bead of pronotum narrow, clearly delimited from disc.

Prosternal process strongly conve.x, in form of narrow medially rounded keel. Metasternum with anteromedial emargination

well developed. Intralineal space of metaco.xa coarsely rugose, with several confluent longitudinal punctures. Metatibia of

most specimens with tliree to four widely spaced punctures along posteroventral margin, otherwise smooth and without

micropunctation. Metatarsal article 1 glabrous ventrally.

Male antennae subserrate, with articles 5 to 8 each with anteroapical angle slightly produced. Articles 1 to 3 of protarsus

(Fig. 176) dilated, together with 15 to 16 small oval scales beneath; protarsal article 5 (Fig. 167) without ventral tooth;

anterior protarsal claw slightly longer than posterior, both claws elongate, straight medially with apex arcuate, slightly sinuate

along ventral margin. Aedeagus (Fig. 201) with subapical ventral spine; parameres normal.

Taxonomic notes. - Specimens from Yukon Territory, Alberta, and Manitoba are readily

separated from those from Quebec, Labrador and Newfoundland on the basis of size, and

shape of pronotum (Manitoba specimens are somewhat intermediate). Western specimens are

larger (X = 8.29 ± 0.29 mm (n = 6)) than are eastern (Quebec — Newfoundland) specimens

(TL - 6.88 to 8.08 mm (X = 7.49 ± 0.40 mm) (n = 13)). Also, the pronotum differs in shape:

on western specimens, the pronotum (Fig. 140) is straiglit or little rounded laterally and the

front angles are relatively sharp. Those from eastern Canada have the pronotum more strongly

rounded laterally (Fig. 141) and the anterior lateral angles are blunt or almost truncate in some

specimens.

Natural history notes. - The single specimen that I collected was in a small Sphagnum-xmgQd

pool shaded by Carex and situated in a black s>pxucQ-Sphagnum bog.

Distribution. — This Flolarctic species ranges from Newfoundland (!, UASM) to Alaska and

the Eastern Palaearctic region. The northern and southern limits are unknown, but it appears

to be restricted to boreal and arctic regions. I examined two Alberta specimens from localities

indicated in Figure 419.

Agabus ontarionis Fall, 1922

Agabus ontarionis Fall, 1922: 30. (Type locality - Bellville, Ontario.). - Hatch 1953: 224. - Carr and Leech 1966: 545. -

Watts 1970: 724. - Wallis 1973: 108.

Diagnosis. - This species is well characterized by large size, dark color, fine but irregular

elytral sculpture, widely dilated male protarsus and bifid aedeagus.

Description. - Measurements of 20 Alberta specimens are: TL - 9.60 to 10.96 mm (X = 10.33 ± 0.40 mm); MW - 5.36

to 6.24 mm (X = 5.82 ± 0.22 mm);TL/MW- 1.69 to 1.84 (X = 1.78 ± 0.04);WC/WS - 2.81 to 3.24 (X = 2.99 ± 0.12).

Color of head piceous to black except frontal spots, anterior margin of clypeus, labrum and mouthparts, rufous; antenna

testaceous except outer articles infuscate apically; palpi testaceous except terminal article of each palpus piceous on apical

half. Pronotum piceous to black medially, lateral margins broadly rufous. Scutellum piceous. Elytron rufous laterally, piceous

to black medially and apically on disc; epipleuron reddish brown. Ventral surface piceous to black except metacoxal process

and posterior margins of sterna 3 to 6, rufous. Legs dark rufous.

Elytron of male with meshes small (Fig. 305), irregular in size and shape basally more rounded and equal in size laterally

and apically, smooth or with partially effaced secondary sculpture. Many females with elytral sculpture deeply impressed,

irregular in size and shape over much of elytron and more or less granular, with secondary reticulation.

Clypeus narrowly but completely beaded. Pronotum with lateral bead narrow, clearly delimited medially but on many

specimens becoming obsolete towards front angle. Prosternal process narrowly and strongly convex, medial convexity narrowly

rounded in cross section: apex bluntly pointed. Metasternum with anteromedial emargination well developed. Metafemur

relatively slender. Metatibia with posteroventral series of punctures more or less continuous along hind margin: entire ventral

surface with small sparsely spaced punctures (better developed on male than on female). Metatarsal article 1 glabrous beneath.

Male with articles 1 to 3 of protarsus (Fig. 177) relatively broadly dilated (ratio width article 1/width article 4 = 2.0 to

2.6), with moderate sized, oval scales beneath: protarsal article 5 (Fig. 168) slender, without ventral tooth; protarsal claws

slender, subequal in length, slightly sinuate beneath. Aedeagus (Fig. 202) with subapical ventral spine, apex slightly twisted

to right; basal piece small.

Taxonomic notes. - This species is no doubt closely related to A. ajax which it closely

resembles in habitus and in such characters as shape of the prosternal process, structure of

aedeagus and dilation and vestiture of the male protarsus.

Natural history notes. — A. ontarionis is confined largely to the forested portions of the
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province, living in parkland, mixed forest, and coniferous forest areas. Specimens are usually

in cold Carex marshes, often where the water is shaded by willow, but not in Sphagnum bogs.

However, several series of specimens were found in emergent Carex in shallow warm ponds in

open sites (e.g., borrow-pits, roadside ditches). Most specimens were collected during July,

and many specimens found during late June and early July (June 21 to July 18) have been

teneral. Perhaps this species, like A. ajax, overwinters in an immature stage.

Distribution. — This species ranges from Ontario and Manitoba to British Columbia. The

northern and southern limits are unknown. In Alberta, specimens have been collected from

the U.S. border to the Northwest Territories border. I examined 53 specimens from Alberta

localities (map. Fig. 418).

Agabus elongatus Gyllenhal, 1827

Agabus elongatus Gyllenhal, 1827: 381. (Type locality - unknown to me.) -Aube, 1836: 176. - Aube 1838: 350. -

Thompson 1860: 62. - Gemminger and Harold 1868: 454. - Sharp 1882: 522. - Carr 1930: 279. - Zimmermann 1934:

150. - Leech 1939: 217. - Blackwelder 1948: 4. - Zaitsev 1953: 265.

Agabus bryanti Carr, 1930: 278. (Type locality - Shingle Point, Yukon Territory.) - Leng and Mutchler 1933: 15.

Diagnosis. — Adults are small, characterized by narrow subparallel shape, relatively broad

head, flattened prosternal process and male protarsal characters.

Description. - Measurements of three population samples are presented in Table 1.

Table 1. Measurements and ratios of selected North American population samples of Agabus

elongatus Gyllenhal.

Locality N TL (mm) TL/MW wc/ws

Churchill, Man. 12 6.24-6.80 1.97-2.10 2.00-2.29

(6.52±.23) (2.05±.04) (2.15±.08)

Tunanuk, N.W.T. 14 5.84-6.74 2.00-2.11 1.96-2.27

(6.28±0.24) (2.04±.03) (2.16±.10)

Swan Hills, Alta. 2 7.36-7.44 2.07-2.14 2.31 - 2.40

(7.40) (2.11) (2.36)

Head black; labrum and frontal spots rufous; antenna testaceous, outer articles slightly infuscate; palpi testaceous. Pro-

notum black, lateral and posterior margins narrowly dark rufous or piceous. Elytron brown laterally, darkened medially on

disc; epipleuron dark internally, reddish laterally. Ventral surface black, metacoxal process and posterior margins of sterna

3 to 6, piceous. Legs testaceous to pale brown, femora infuscate at least basaUy.

Sculpture of elytron (Fig. 303) of small, rounded meshes.

Pronotum broadly and evenly convex, convexity originated immediately inside lateral bead; lateral bead very narrow,

clearly delimited throughout length. Prosternal process slightly broadened behind procoxae, flat or even slightly concave

basaUy, slightly but evenly convex toward apex; glabrous. Protibia broadly expanded apically, apex rounded. Metatibia

with from one to six punctures along posteroventral margin, punctures restricted to basal half on most specimens. Metatarsal

article 1 with one to four ventral setae.

Male with antenna subserrate (Fig. 143), articles 5 to 10 each with anterior apical angle somewhat produced. Protarsus

strongly modified: article 5 (Fig. 164) very long, with large acute ventral tooth; articles 1 to 3 only slightly dilated, each with

few short small oval scales beneath; anterior protarsal claw shorter and narrower than posterior, deeply emarginate basaUy.

Aedeagus (Fig. 203) with subapical ventral spine: paramere very broad in ventral view, flattened, apex densely setose.

Taxonomic notes. — Leech (1939) regarded A. bryanti Carr as conspecific with A. elongatus

Gyll. Twelve paratypes of A. bryanti (UASM) agree well with the Alberta specimens of A.

elongatus in all features except size. Specimens from arctic Canada are considerably smaller
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than the two Alberta males. Measurements of three population samples of elongatus are given

in Table 1.

Natural history notes. — In the locality 20 miles north of the town of Swan Hills, two speci-

mens of elongatus were collected from small pools of water located around the edge of an oil

well clearing in a black s^mcQ-Sphagnum swamp. These pools were less than two feet in diame-

ter, shaded by willow, and the water was cold to touch. The depth was 6 to 1 8 inches, the

bottom covered with masses of waterlogged willow leaves, grass stems, etc.

Distribution. — This Holarctic species is mainly on tundra. North American localities from

which I have seen specimens are; Shingle Point, Yukon Territories (Carr, 1930: CNC, UASM!,

USNM); Tunanuk, N.W.T. (UASM!); Churchill, Manitoba (UASM!). 1 examined two specimens

from the following Alberta locality (Fig. 416); Hwy. 1 8, 20 mi N of Swan Hills, May 30, 1971.

Agabus lutosus LeConte, 1853

Agabus lutosus LeConte, 1853: 31. (New name for^l. discolor LeConte, not Harris.). Not Crotch, 1873. LeConte 1863a: 17.

- Horn 1883: 278. - Leng 1920: 79. - Zimmermann 1920: 165. - FaU 1922: 22. - Leech 1942c: 131. - LaRivers

1951: 403. - Hatch 1953: 220. - Leech and Chandler 1956: 320. - Leech 1964: 81. - Carr and Leech 1966: 545.

Agabus discolor LeConte, 1852: 204. (Type locality - San Francisco, California.) Not Harris, 1828.

Gaurodytes lecontei Crotch, 1873: 417. (New name toxA. discolor LeConte.). - Sharp 1882: 523. - Zimmermann 1919:

211 .

Diagnosis. — Of the group of species whose adults possess a dark head and pronotum and

pale ely tra, this is one of the most easily recognized. Shape of the body is narrower than in

other species of the group and the anterior protarsal claw of the male has a distinct ventral

tooth.

Description - Measurements of 30 specimens from the Cardston and Waterton areas of Alberta are: TL - 7.28 to 8.56

mm (X = 8.12 ± 0.24 mm); MW - 4.00 to 4.48 mm (X = 4.27 ± 0.11 mm); TL/MW - 1.82 to 1.96 (X = 1.90 ± 0.03);

WC/WS - 2.10 to 2.45 (X = 2.28 ± 0.09).

Head black except frontal spots, anterior margin of clypeus and clypeus medially on some specimens, rufous; labrum

testaceous; antenna testaceous except articles 5 to 11 infuscate apically; palpi testaceous except terminal article of each

palpus infuscate apically. Pronotum black except lateral margin narrowly rufous, posterior margin piceous. Elytron with

epipleuron, lateral and basal margins, testaceous; disc darker brown medially and apically. Ventral surface black except meta-

coxal processes and hind margins of abdominal sterna 3 to 6, rufous. Legs rufous except coxae, and femora basally and

ventraUy, dark piceous to black.

Elytra! sculpture sexually dimorphic. Male with sculpture (Fig. 306) basomediaUy of small somewhat rounded or hexagonal

meshes, of various sizes especially laterally and apically; with numerous fine punctures, each situated on a mesh. Female (Fig.

307) with lines coarse, deeply impressed in form of strongly convex meshes of moderate size and longitudinally stretched

basomediaUy, smaUer and more irregularly oriented laterally and apically; along basolateral convexity meshes small and

longitudinaUy stretched.

Clypeus completely beaded. Pronotum with lateral margin sUghtly sinuate at front angle; lateral bead narrow and strongly

delimited; disc immediately internal to bead flat. Prosternal process narrow, acuminate apically; dorsal surface strongly and

smoothly convex, flatter basaUy, sparsely and finely punctate. Metatibia with posteroventral series of punctures, represented

by only a few punctures basaUy, or with series extended onto distal half; medioventral series of punctures small setiferous,

irregular row on basal quarter to third; medioventral face very finely and sparsely micropunctate.

Male with articles 1 to 3 of pro- and mesotarsus broadly dilated, each article with large oval scales on ventral surface;

anterior protarsal claw (Fig. 165) short, with distinct ventral medial or subapical tooth usually directed anteriorly. Aedeagus

(Fig. 204) with subapical ventral spine.

Taxonomic notes. - This and A. griseipennis LeConte, 1859 are very similar, probably allo-

patric, species. Leech (1942c) assigned Alberta specimens to A. lutosus which he separates

from A. griseipennis by chaetotaxy of the male protarsal article 5, and shape of the male pro-

tarsal claw. However, he states that “the most griseipennisA\\iQ form is seen in males from Al-

berta, and as these specimens are also paler and more elongate (than more western specimens

of lutosus), they may constitute a valid subspecies”. I have not had sufficient experience with

either of these species outside of Alberta to venture an opinion on their status, but distribu-

tional and morphological data seem to indicate that the two are geographical forms of a single

species.
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Leech (1942c) recognizes two subspecies of A. lutosus: I lutosus, ranging from southern

California to southern British Columbia and east to Nevada and Alberta; and /. mimus Leech,

1942, from coastal British Columbia and Mount Rainier, Washington.

Natural history notes. - Adults are found in emergent vegetation along margins of small

slow-flowing foothill and prairie creeks and springs, in pools located in beds of otherwise dry

intermittent creeks, and in stream-fed ponds. During spring, specimens were collected from

small ponds and puddles, probably as a result of spring dispersal. Teneral specimens were col-

lected in early July.

Distribution. — See above under taxonomic notes. I examined 187 specimens from Alberta

localities (map. Fig. 420).

Agabus nectris Leech, 1942

Agabus nectris Leech, 1942c: 133. (Type locality - Lumby, British Columbia.). - Blackwelder 1948: 4. - Hatch 1953: 222.

Agabus obliteratus Hatch, 1933b: 10, not LeConte, 1859a: 5.

Agabus morosus auctorum, not LeConte, 1852: 204.

Diagnosis. — In the Alberta fauna, specimens of A. nectris can usually be recognized on the

basis of combination of color, laterally rounded pronotum, broad lanceolate prosternal process

which is on a slightly lower plane than the medial portion of the prosternum, and micropunc-

tate metafemur and dorsal surface of metatarsal article 1

.

Description - Measurements of 20 specimens from the Calgary area, are: TL - 6.56 to 1 .16 mm (X = 7.30 ± 0.27 mm);

MW - 3.28 to 4.08 mm (X = 3.81 ±0.18 mm); TL/MW - 1.86 to 2.00 (X = 1.92 ± 0.04); WC/WS - 2.21 to 2.60 (X =

2.44 ± 0.11).

Head black except frontal spots and labrum testaceous to rufous; antenna testaceous except articles 3 or 4 to 11 lightly

infuscate, at least apically; palpi testaceous except terminal article of each palpus infuscate apically. Pronotum black except

lateral margin narrowly rufous. Male with elytron brown basally, piceous toward apex and testaceous to pale brown along

lateral margin. Female with elytron darker, largely piceous to black with basal and lateral margins somewhat paler. Epipleuron

piceous with outer margin narrowly paler. Ventral surface black except apex of prosternal process, metacoxal process, and

hind margins of sterna 3 to 6, piceous. Legs brown except femora black basally and medially, and metatibiae infuscate.

Sculpture of head and pronotum of meshes irregular in size and shape (some females with meshes medially on pronotum

somewhat longitudinal in arrangement), with sparse small punctures, otherwise smooth. Male elytron (Fig. 308) with finely

impressed Unes in form of meshes of irregular angulate shape and varied size; meshes smooth and shiny. Female (Fig. 309)

with lines deeply impressed, meshes somewhat convex, irregular in size and shape or on some females slightly longitudinal

in arrangement basally on disc; meshes smooth and shiny, or some specimens with trace of obsolete secondary sculpture.

Clypeus with anterior bead complete. Pronotum rounded laterally, hind angle rounded hence lateral margin of pronotum

and elytron discontinuous in outline; lateral bead of moderate width, well defined throughout length. Prosternal process on

a lower plane than medial longitudinal portion of prosternum; process broad and lanceolate, flat to slightly and evenly con-

vex basally, more convex toward apex; surface glabrous, finely punctate. Metastemum incised anteromedially to level of

hind margin of mesocoxae. Metatibia of most specimens without posteroventral row of punctures; medioventral face bearing

numerous small elongate punctures. Metatarsal article 1 with dorsal surface finely micropunctate.

Male with articles 1 to 3 of pro- and mesotarsi broadly dilated and bearing small oval scales beneath; pro tarsal claws (Fig.

169) little modified; anterior claw slightly longer than posterior; posterior claw slightly .sinuate ventraUy. Aedeagus (Fig.

205) bifid apically, ventral spine relatively broad.

Taxonomic notes. — Leech (1942) indicated that this species is very similar to A. obliteratus

LeConte, and that these two allopatric species are best separated on the basis of punctation

of the metatibia. As this is a rather minor character and subject to individual variation, it may
be best to treat these forms as conspecific subspecies.

Natural history notes. — Leech (1942) described the habitat of A. nectris as: “small weedy

streams with but little current”. I collected specimens from small prairie and foothill streams,

intermittent creeks and small springs. In addition I found teneral specimens in prairie sloughs

and in roadside ponds, suggesting that the insects developed in these sites. Most teneral speci-

mens were collected from July 6 to August 23. Leech gives a record for flight on April 20.

Distribution. — The species A. nectris was recorded from Montana, southern Alberta, south-

ern British Columbia, Idaho, Washington and Oregon. I examined 150 specimens from Alberta
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localities (map, Fig. 421).

Agabus audeni'^2A\\?>, 1933

Agabus audeni 1933b: 270. (Type locality - Okanagan, British Columbia.). - Blackwelder 1939: 17. - Hatch 1953:

224. - Carr and Leech 1966: 544.

Diagnosis. — These large adults share with those of A. canadensis fine isodiametric elytral

sculpture and laterally inflated pronotum. Specimens of A. audeni are readily recognized by

larger size, color, shape of the prosternal process and males are without a subapical ventral

spine in the aedeagus.

Description. - Measurements of 20 specimens from 4 mi S High Level, Alberta, are: TL - 8.96 to 10.24 mm (X = 9.56

± 0.36 mm); MW - 4.80 to 5.48 mm (X = 5.18 ± 0.20 mm); TL/MW - 1.78 to 1.89 (X = 1.85 ± 0.03);WC/WS - 2.77 to

3.33 (X = 3.11 ± 0.14).

Head black except frontal spots, anterior margin of clypeus, and frons above base of antenna, dark rufous; labrum rufous;

antenna testaceous except distal articles lightly infuscate on some specimens; palpi testaceous. Pronotum disc black, lateral

margins broadly rufous. Elytron brown except lateral margin paler and epipleuron rufous, slightly infuscate along inner mar-

gin. Ventral surface mainly piceous to black. Legs rufous except metafemur and metatibia darker.

Elytron with sculpture (Fig. 310) of small rounded more or less isodiametric meshes and with small punctures, each med-

ially in enlarged mesh.

Anterior margin of clypeus completely beaded. Pronotum with lateral bead narrow (at widest, about one half width of

apex of antennal article 3), widest in basal half and gradually narrowed toward anterior angle; pronotum with disc strongly

inflated inside bead, especially on anterior half. Prosternal process strongly but evenly convex in cross section, glabrous but

bearing micropunctation. Metasternum with anteromedial emargination well developed. Metatibia with posteroventral series

of punctures in form of loose line along basal 0.66 to 0.75 of length. Metatarsal article 1 with group of ventral setae. Meta-

coxal line sinuate but only slightly so on many specimens.

Male with articles 1 to 3 of pro- and mesotarsi narrowly dilated (article 3 barely wider than 4) and with small oval scales

beneath; protarsal claws (Fig. 170) similar in shape, shallowly sinuate ventrally; anterior claw slightly longer and broader

than posterior. Aedeagus (Fig. 206) slender, simple, without subapical ventral spine; apex very slightly bent to right; para-

mere normal.

Taxonomic notes. - Adults very closely resemble those of A. canadensis Fall. Hence, it is

interesting that the aedeagus of A. audeni lacks the subapical ventral spine characteristic of

all other similar species. In spite of the lack of this otherwise consistent character, I believe

that A. audeni is still best placed in close association with A. canadensis Fall.

Natural history notes. — Carr and Leech ( 1966) described the habitat in which this species

is usually found. In northern Alberta, specimens of A. audeni are often abundant in dense

Carex marshes, usually in water depths of 6 to 18 inches, in areas containing dense mats of

decaying Carex stalks and the water is cold and shaded by thick stands of live Carex and willow.

It is sometimes taken in Sphagnum bogs. Against Carr and Leech, who consider A. audeni an

early spring insect, I have collected the majority of my specimens during July. Teneral speci-

mens have been collected July 10 and 17.

Distribution. — This species occurs in British Columbia, Alberta and the Northwest Territories

(Aklavik, UASM!). I examined more than 170 specimens from Alberta localities (map. Fig.

422).

Agabus canadensis Fall, 1922
f

Agabus canadensis Fall, 1922: 27. (Type locality — Aweme, Manitoba.). - Leng and Mutchler 1927. Hatch 1953: 223. -

Gordon and Post 1965: 20. - Carr and Leech 1966: 545. - James 1970: 94. - WalUs 1973: 107.

Diagnosis. — The broadly rufous lateral margin of the pronotum and moderate size offer

fairly reliable characters for the separation of this species from that species group whose mem-
bers have black pronota and brown elytra and fine rounded elytral sculpture.

Description. - Measurements and ratios of 20 specimens from 30 mi S Youngstown, Alberta, are: TL - 6.88 to 7.92 mm
(X = 7.41 ± 0.28 mm); MW - 3.76 to 4.40 mm (X = 4.13 ± 0.18 mm); TL/MW - 1.73 to 1.85 (X = 1.79 ± 0.04); WC/WS -
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2.19 to 2.65 (X = 2.45 ± 0.13).

Head black except frontal spots, anterior margin of clypeus, and frons above base of antenna, dark rufous; antennae testa-

ceous basally, outer articles rufous and infuscate apically; labrum rufous; palpi rufous except terminal article of each palpus

rnfuscate apically on many specimens. Pronotum black except lateral margin very broadly rufous and posterior margin nar-

rowly piceous. Elytron light brown basally and laterally, disc darker behind; epipleuron pale brown. Ventral surface of body

largely black; prosternum laterally, metacoxal process and posterior margins of abdominal sterna 3 to 6, rufous. Legs rufous.

Elytron with sculpture (Fig. 311) of small rounded more or less isodiametric meshes; basomedially meshes most varied

in size; elytron punctate, each puncture medially in slightly enlarged mesh.

Anterior margin of clypeus with complete bead. Lateral bead of pronotum narrow (less than 0.5 width of apex of antennal

article 3 at widest point), broadest basally and narrowed gradually toward anterior angle. Lateral margin of pronotal disc,

immediately inside bead, inflated along anterior half. Prosternal process smoothly convex, glabrous but sparsely and finely

punctate; apex acute. Anteromedial metasternal impression weU developed. Metatibia with varied number of punctures along

posteroventral margin; most specimens with punctures on basal half and on some specimens, punctures extended along entire

margin in form of more or less complete row. Metatarsal article 1 of most specimens with small group of ventral setae.

Male with protarsus very narrowly dilated, article 1 1.4 to 1.5 as broad as article 4; articles 1 to 3 with small oval scales

on ventral surface; protarsal claws (Fig. 171) subequal in length; anterior claw sinuate ventrally with apex acute and strongly

arcuate. Aedeagus (Fig. 207) with subapical spine.

Taxonomic notes. — Adults of A. canadensis Fall are very similar in almost all respects to

those of A. phaeoptenis (Kirby) and the two species are probably very closely related. In Al-

berta, these species are largely allopatric; in areas of sympatry, there is no evidence of hybrid-

ization.

Natural history notes. — This species is a corhmon inhabitant of temporary prairie ponds.

Most adults were collected in the early spring from emergent or flooded vegetation along edges

of ponds and sloughs whose water level was raised by melt water. Specimens of A. canadensis

are most abundant in ponds situated on rough fescue grasslands. However, they also occur in

water on mixed and shortgrass prairie as well as in parkland and coniferous forest zones, especi-

ally when these habitats are in close proximity to prairie habitats as in foothills of the south-

western portion of the province. Specimens were found occasionally in saline sloughs but the

species does not appear to be a regular member of this fauna. Teneral specimens were collected

from May 31 to June 16. Specimens were observed flying from a small prairie slough 6 mi N
Standard on May 3, 1972.

Distribution. — This species was recorded from Ontario and North Dakota to eastern British

Columbia. The southern limits of the range are unknown. In Alberta, A. canadensis ranges to

about 55° N, and has not been collected from the Peace River area. I examined more than 350

specimens from Alberta localities (map. Fig. 423).

Agabus phaeopterus (Kirby, 1837)

Colymbetes phaeopterus Kirby, 1837: 70. (Lectotype - (here selected), d in BMNH labelled as follows: Type; N. Amer.

511 4b; phaeopterus Kirby.) Mannerheim 1853: 159. - Melsheimer 1853: 30. - LeConte 1863a: 17. ~ Gemminger and

Harold 1868: 454. - Sharp 1882: 763. - Horn 1883: 282. - Leng 1920: 79. - Zimmermann 1920: 163. - FaU 1922:

28. - Brown 1930b: 236. - J. Balfour-Browne 1948: 160, 164. - Hatch 1953: 223. - Carr and Leech 1966: 545. -

James 1970: 94. - Wallis 1973: 107.

Diagnosis. — Closely resembling the species A. canadensis but darker in color with the pro-

notum lacking a broad rufous lateral margin, metatibia with posteroventral row of setae lacking

or reduced and metatarsal article 1 glabrous beneath.

Description. - Measurements and ratios of 20 specimens from Edson and Fickle Lake, Alberta, are: TL - 6.56 to 7.28

mm (X = 6.93 ± 0.19 mm); MW - 3.52 to 3.92 mm (X = 3.78 ± 0.10 mm); TL/MW - 1.79 to 1.89 (X = 1.83 ± 0.03);

WC/WS - 2.29 to 2.78 (X - 2.52 ± 0.12).

Head black; frontal spots, anterior margin of clypeus, front above antennal base, and labrum, obscurely rufous; antenna

testaceous, outer articles infuscate apically; palpi testaceous, terminal article of each palpus infuscate apically. Pronotum

black with lateral bead and margin narrowly inside of bead, dark rufous to piceous; posterior margin narrowly piceous.

Elytron with epipleuron and base light brown, disc darker brown to piceous medially and apically on some specimens. Ven-

tral surface black; metacoxal process and posterior margins of sterna 3 to 6 narrowly rufous. Legs rufous; femora shghtly

darkened medially.
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Elytron with sculpture (Fig. 312) of small rounded meshes, regular in size and shape over most of disc but slightly varied

in size basomedially on some specimens; disc with sparse even punctation; punctures each situated medially in slightly enlarged

mesh.

Clypeus with anterior bead complete. Pronotum with lateral bead narrow, widest basally and narrowing toward front

angles; disc inside bead inflated, especially along anterior half of pronotal margin. Prosternal process convex, broadly rounded

on most specimens but some specimens with broadly angulate medial convexity; glabrous with small separated punctures.

Metatibia with posteroventral margin impunctate on most specimens or some specimens with scattered punctures along basal

half. Metatarsal article 1 glabrous ventrally.

Male protarsal articles 1 to 3 narrowly dilated, with small oval scales on ventral surface; anterior protarsal claw slender

and relatively short, slightly sinuate ventrally, apex acute but not as strongly arcuate as in canadensis adults; posterior claw

distinctly although shallowly sinuate towards base. Aedeagus with subapical spine.

Taxonomic notes. - Prior to Fall’s (1922) revision, the status of this species was in doubt.

However, Fall demonstrated that A. phaeopterus is a valid species and provided a definition

which has enabled subsequent authors to recognize it. In the Alberta fauna, the closest rela-

tives are A. bicolor and A. canadensis Fall (see discussion under A. canadensis).

Natural history notes. — This species is widely distributed throughout the forested portions

of the province, in areas of aspen parkland, mixed forests and coniferous forests. Specimens

are also occasionally taken in small willow- and aspen-ringed pools on rough rescue prairie.

A common habitat is the shallow water of cold Carex marshes. Many specimens were collected

from Typha marshes, and from the zone of emergent vegetation along edges of borrow-pits,

roadside ditches and other shallow man-made pools — all warm water habitats. The species

appears to be largely allopatric with A. eanadensis (see under H. canadensis). Teneral specimens

were collected from July 3 to July 21. No records of flight are available.

Distribution. — A. phaeopterus occurs from Newfoundland and Nova Scotia to British Col-

umbia and from Michigan, Wisconsin and Colorado (Doyleville, CARR !) north to at least the

northern Alberta border. I examined more than 270 specimens from Alberta localities (map.

Fig. 424).

Agabus 6/co/or (Kirby, 1837)

Colymbetes bicolor Kirby, 1837: 70. (Type specimen - in BMNH, labelled as follows: Type H.T. (red circle); N. Amer. 9,

5773a; bicolor Kirby; c5.) - Mannerheim 1853: 158. - Melsheimer 1853: 30. - LeConte 1861: 326. - LeConte 1863a:

17. - Gemminger and Harold 1868: 453. - Sharp 1882: 758. - Horn 1883: 282. - Leng 1920: 79. - Zimmermann 1920:

162. - FaU 1922: 29. - Wallis 1973: 107.

Agabus mutus Sharp, 1882: 513. (Lectotype - (here selected) female of pair of specimens on a card born by a single pin in

BMNH, labelled as follows: 9, Hudson’s Bay 1879; Type H.T.
; 1155; Sharp Coll. \90S-2>\3-, Agabus mutus Sharp type;

Agabus bicolor Kby, mutus Shp.; Lectotype, Agabus mutus Shp., (9, right side card) selected D.J. Larson.). - Leng 1920:

79. — Zimmermann 1920: 168.

Diagnosis. — Adults are similar to those of A. phaeopterus but are smaller, darker (especially

elytra), and with elytral punctation indistinct.

Description - Measurements of 20 specimens from 26 mi N Gift Lake, Alberta, are: TL - 6.56 to 7.12 mm (X = 6.87

± 0.15 mm); MW - 3.60 to 3.92 mm (X = 3.76 ± 0.09 mm); TL/MW - 1.79 to 1.87 (X = 1.83 ± 0.03); WC/WS - 2.48

to 3.00 (X = 2.80 ± 0.13).

Head black with frontal spots, anterior margin of clypeus, and frons above base of each antenna, rufous; antenna testaceous

to pale rufous with outer articles lightly infuscate; palpi rufous with terminal article of maxillary palpus lightly infuscate on

some specimens. Pronotum black; lateral bead, lateral margin narrowly inside of bead and basal margin, dark rufous to piceous.

Elytron with disc medially, piceous to black; epipleuron and lateral margin broadly rufous to rufopiceous. Ventral surface

largely black. Legs dark rufous with femora and metatibia mainly piceous.

Elytron with sculpture (Fig. 313) of small, rounded or hexagonal meshes, irregular in shape but more or less similar in

size; punctation fine and sparse, each puncture situated medially in slightly enlarged mesh.

Clypeus with anterior margin with complete but narrow bead. Pronotum with lateral bead of moderate width, widest

basally and narrowed toward apex, anteriorly internal portion partly obscured in dorsal view by laterally inflated pronotal

disc. Prosternal process markedly but smoothly convex in cross section, not carinate medially. Metatibia with few separated

small setiferous punctures along posteroventral margin, punctures restricted to basal half to two thirds on most specimens.

Metatarsal article 1 glabrous ventrally.

Male with articles 1 to 3 of pro- and mesotarsi very slightly broadened; each article with elongate small adhesive scales on
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ventral surface. Protarsal claws slender, subequal in length; anterior claw evenly narrowed throughout length with ventral

surface very slightly sinuate; posterior claw similar in shape to anterior but ventral sinuation more pronounced. Aedeagus

with acute subapical ventral spine; apex distad to spine elongate and slender.

Taxonomic notes. — Sharp’s collection contains a male and a female glued to one card and

mounted on the same pin. The female appears to be a typical specimen of A. bicolor, as was

suggested by Fall (1922), and I labelled it as lectotype. The male, however, differs from most

specimens of bicolor in paler color, with the elytron more irregularly microsculptured and more

distinctly punctate, and with the pronotum less strongly inflated inside the lateral bead. Of
1 2 specimens that Sharp reported to have examined, I could find only 8 in the BMNH. The

series shows some variation and may be composite. However, I am not sufficiently familiar

with the species in this group to permit me to assign them to any other species.

Natural history notes. — Most specimens of A. bicolor examined were collected from cold

Carex-Sphagnum swamps, mostly from small willow-shaded pools with water cold to the touch.

This species, and the two related species, A. canadensis and A. phaeopterus appear to form a

replacement series in the various types of ponds in the province. The species A. canadensis

occurs in warm ponds in both prairie and mixed forest associations; A. phaeopterus inhabits

forest ponds but is usually not in cold waters of Sphagnum bogs, whereas A. bicolor is usually

associated with Sphagnum and cold water.

Teneral specimens were collected from July 10 to August 8.

Distribution. - This species probably has a wide distribution in the northern boreal portions

of North America but has been recorded previously only from Manitoba and Edmonton, Alber-

ta. I examined 70 specimens from Alberta localities (map. Fig. 425).

Agabus confinis (Gyllenhal, 1 808)

Dytiscus confinis Gyllenhal, 1808; 511. (Type locality - not known), not Stephens 1828: 80. - Aube, 1836: 158. - Aube

1838; 333. - Gemminger and Harold 1868: 454. - Sharp 1882: 520. — Horn 1883: 178. — Wickham 1895b: 121. -

Blatchley 1910; 226. - Carr 1920: 4. - Leng 1920; 79. - Zimmermann 1920; 162. - Fall 1922: 29. - Brown 1930b:

236. - Brown 1932b; 201. - Zimmermann 1934: 197. - Hatch 1953: 223. - Zaitsev 1953: 257. - Carr and Leech 1966:

545. -James 1970: 93. - Wallis 1973: 107.

Agabus ovoideus LeConte, 1863: 17. (nomen nudum).

Gaurodytes ovoideus Crotch, 1873: 418. - (Type locality - not specified, type series from Kansas and Lake Superior.)

Gaurodytes longulus LeConte, 1878a: 596. (Type locality - Lake Superior.). - Sharp 1882: 776. - Leng 1920; 79. -

Zimmermann 1920: 167.

Diagnosis. — The combination of large size, dark color, finely and evenly reticulate elytral

surface, and carinate prosternal process, make this one of the most distinctive species of the

group whose members possess a subapical ventral spine on the aedeagus.

Description. - Measurements of 20 specimens from Fickle Lake, Alberta, are: TL - 8.16 to 9.12 mm (X = 8.53 ± 0.24

mm); MW - 4.56 to 4.88 mm (X = 4.68 ± 0.11 mm); TL/MW - 1.73 to 1.90 (X = 1.82 ± 0.04); WC/WS - 1.88 to 2.27

(X = 2.05 ± 0.08).

Head black except frontal spots, anterior margin of clypeus, and labrum, rufous; antenna pale rufous except outer articles

lightly infuscate apicaUy on some specimens; palpi pale except terminal article of each palpus lightly infuscate apicaUy. Pro-

notum black except lateral bead and anterolateral angle, dark rufous or piceous. ScuteUum piceous. Elytron dark brown to

piceous, lateral margin and epipleuron externally, pale brown to light rufous. Ventral surface mainly black. Legs rufous except

femur and metatibia piceous.

Elytron with meshes of sculpture (Eig. 314) small and rounded but unequal in size and varied in shape, especially baso-

laterally; more regular laterally and apicaUy; fine sparse punctures present, each central in a mesh.

Clypeus with well defined anterior bead. Pronotum with lateral bead of moderate width, well defined and of more or less

equal width throughout length; anterior sublateral margin not inflated inside bead. Prosternal process narrow, angularly

convex in cross section with median convexity carina-Uke and sides concave externally; apex broadly pointed, not acuminate.

Metasternal impression not extended to level of hind margin of mesocoxae. Metatibia with punctures along posteroventral

margin various, on some specimens punctures extended along basal 0.66 of tibia, in form of continuous row of separated punc-

tures, other specimens with only five or six punctures on basal third of tibia or punctures scattered irregularly along hind mar-

gin. Metatarsal article 1 glabrous beneath or with one or two ventral setae.

Male protarsal articles 1 to 3 slightly broadened, each with small adhesive scales on ventral surface; article 5 unmodified;
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claws (Fig. 172) subequal in length, similar in shape, slender and only very slightly sinuate beneath. Aedeagus (Fig. 208)

with ventral subapical spine; apex various in degree of reflexion.

Taxonomic notes. - Horn (1883), in his usual conservative manner, considered the names

A. ovoideus (Crotch), A. bicolor (Kirby) and A. phaeoptenis (Kirby) to be junior synonyms

of A. confinis. Fall (1923) confirmed this synonymy for A. ovoideus but treated both of

Kirby’s species as valid. I agree with this conclusion and treat A. bicolor and A. phaeoptenis

as separate species.

Natural history notes. — This is one of the most commonly encountered species in cold-

water ponds and bogs of the forested portions of the province. The species is a typical member

of the Sphagnum bog fauna but also occurs in areas where Sphagnum is lacking, especially in

dense stands of emergent Carex with the water surface shaded and cool. Most specimens were

taken at elevations well below the tree line in mountain localities. Teneral specimens were

collected from July 10 to August 5.

Distribution. - A. confinis is an Holarctic boreal species ranging in North America, from

Quebec to British Columbia and from Michigan (Douglas L., UASM !) and Wisconsin, north

to at least Churchill, Manitoba, and Great Slave Lake (Hay River, UC). I examined 356 speci-

mens from Alberta localities (map. Fig. 426).

Agabus congener (Thunberg, 1794)

Dytiscus congener Thunberg, 1794: 75. (Type locality - not known to me.). - Gemminger and Harold 1868: 454. - Sharp

1882: 512. - Horn 1883: 278. - Zimmermann 1919: 210. - Leng 1920: 79. - Zimmermann 1920: 162. - Fall 1922:

25. - Brown 1930b: 236. — Zimmermann 1934: 202. - Brown 1937: 109. - Hatch 1953: 222. - Zaitsev 1953: 247.

- Gordon and Post 1965: 20. - Wallis 1973: 107. (Old World synonymy omitted.)

Diagnosis. — This species and the following four form a group whose members differ slightly

among themselves. No single character is diagnostic of A. eongener, but taken together, the

irregular-sized and shaped meshes of the elytron, dark lateral margins of the pronotum, faint

aeneous sheen of the elytron, broadly convex prosternal process, infuscate antenna and palpi,

low value for the ratio WC/WS, and aedeagus which is slightly broadened near the base of the

subapical spine, allow the species to be fairly consistently recognized.

Description - Measurements of 40 specimens from Nordegg and the headwaters of the Red Deer River, Alberta, are:

TL - 6.96 to 8.24 mm (X = 7.60 ± 0.30 mm); MW - 3.84 to 4.40 mm (X = 4.14 ±0.13 mm); TL/MW - 1.82 to 1.91

(X = 1.86 ± 0.29); WC/WS - 1.64 to 2.14 (X = 1.82 ± 0.10).

Head black except frontal spots and frons above base of antenna, rufous and clypeus with anterior margin narrowly

piceous on some specimens; antenna rufous, articles 5 or 6 to 11 infuscate apicatty (rarely entirely pale); palpi rufous except

terminal article of each palpus piceous apicaUy. Pronotum black except lateral bead dark rufous or piceous, side of disc in-

ternal to bead piceous or black. Elytron with humerus, lateral margin and epipleuron rufous to reddish brown, disc piceous

medially and apically and many specimens with faint aeneous sheen. Ventral surface mainly black. Legs rufous except femur

at apex, and metatibia, piceous; metatarsi dark rufous.

Elytron with lines of sculpture (Fig. 315) fine; meshes very unequal in size and shape, angular in outline on most specimens

not rounded, unequal over disc; small sparse inconspicuous punctures on some meshes. Female with lines of sculpture on

basomedial portion of disc with lines relatively deeply impressed, sculpture pronouncedly coarser.

Clypeus finely and completely beaded. Lateral bead of pronotum of moderate width, well delimited and of equal width

throughout length. Prosternal process basaUy with low even convexity, more convex toward apex but not distinctly carinate

or tectiform: process finely punctate, rarely setose. Metasternal wings broad. Metatibia of most specimens with several scat-

tered punctures along posteroventral margin, at least on basal quarter.

Male articles 1 to 3 of pro- and mesotarsi slightly broadened; each article with small adhesive scales beneath, scales slightly

larger and not so elongate as those of A. approximatus; anterior protarsal claw slightly longer and broader than posterior, both

with ventral margin straight or just perceptibly sinuate. Aedeagus (Fig. 209) with subapical ventral spine short, aedeagus slightly

broadened subapicaUy at level of base of spine.

Taxonomic notes. — This species varies markedly over its wide geographical range, but a de-

tailed study has not been made. As a result, the status of A. eongener is not clear. Within Al-

berta
,
the form treated as A. congener is the most stable in terms of structural characters and

is the most easily recognized species of its group. In several localities, specimens were collected
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in mixed series with specimens of A. discolor and A. approximatus, and in most situations

intergradation is not indicated. However, a series of five specimens from the headwaters of

the Livingstone River (3.6 mi N Jet Kananaskis Hwy. and Livingstone R., UC) possess char-

acteristics of A. discolor, A. approximatus and A. congener in various combinations. In spite

of this, I regard A. congener as a valid species primarily on the basis of its morphological stab-

ility over a wide range in North America. I have seen specimens from the Yukon, Quebec and

Labrador which correspond closely to Alberta specimens.

The names A. discolor (Harris), A. ambiguus (Say), A. niorosus LeConte, A. inscriptus (Crotch)

and A. pliaeopterus (Kirby) were placed as synonyms of A. congener by Zimmermann ( 1919).

However, Fall (1922) demonstrated that each of these names applies to a valid species.

Natural history notes. — These beetles appear to be rather local in distribution. Most have

been collected from among emergent sedges and rushes along margins of small spring- or seep-

age-fed pools in forested portions of the province, mostly from foothills or hilly regions —

presumably areas where springs and seepage areas are most frequently found. Teneral specimens

were collected from July 31 to August 22, somewhat later in the year than tenerals of most

related species. Generally, specimens of congener are found more frequently during summer

months than in early spring, an unusual temporal pattern for a species of Agabus.

Distribution. - This species is holarctic in boreal and arctic regions, and is recorded from

Britain to Siberia and from Alaska to Newfoundland. I examined 94 specimens from Alberta

localities shown in Figure 427.

Agabus discolor (Harris, 1 828)

Colymbetes discolor Harris, 1828: 164. (Type locality - not stated), not LeConte, 1851. - Melsheimer 1853: 30. - Sharp

1882: 759. - Gemminger and Harold 1868: 454. - Horn 1883: 278. - Leng 1920: 79. - Zimmermann 1920: 163. -

Fall 1922: 26. - Gordon and Post 1965: 20. - Watts 1970: 724. - Wallis 1973: 107.

Diagnosis. - Specimens are similar to those of A. congener, but generally elytral sculpture

is finer, lateral margin of the pronotum inside the lateral bead is constantly rufous, and the

metasternal wing is narrow. On unrubbed specimens, the prosternal process is conspicuously

setose, more so than on any similar species.

Description. — Measurements of 30 specimens from 8 mi E Nordegg (20 specimens) and 2 mi S Indian Cabins on Hwy. 35

(10 specimens) are: TL - 6.88 to 7.68 mm (X = 7.25 ± 0.18 mm); MW - 3.68 to 4.24 mm (X = 3.98 ± 0.12 mm);TL/MW
- 1.75 to 1.90 (X = 1.82 ± 0.04);WC/WS - 2.28 to 2.84 (X = 2.61 ± 0.13).

Head black except frontal spots, frons above base of antenna, and anterior 0.33 to 0.5 of clypeus, rufous; antenna rufous,

outer articles lightly infuscate apically or not; palpi rufous except terminal article of maxillary palpus lightly infuscate or not.

Pronotum black except lateral bead rufous to piceous; lateral margin of disc internal to bead rufous; basal margin narrowly

rufous. Elytron with epipleuron, lateral and basal margins, testaceous; disc darkened internally and apically, brown to piceous.

Ventral surface black except apex of prosternal process, metacoxal process, internal portion of sternum 1 of some specimens,

and posterior margin of sterna 3 to 6, rufous. Legs rufous to brown except femur, at least medially and metatibia, darkened.

Elytron with lines of sculpture (Eig. 316) fine, meshes small, somewhat rounded in outline but on most specimens dis-

tingly irregular in size and shape, especially medially and basaUy; with small scattered punctures both on meshes and in lines.

Sternum 6 posteromedially with punctures and coarse transverse lines but lines not in form of very coarse, convex meshes.

Clypeus with complete fine anterior bead. Eateral bead of pronotum of moderate even width throughout length or slightly

narrowed anteriorly, well delimited from disc basaUy and medially, less so toward anterolateral angle: disc inside lateral bead

more or less flat or gradually and evenly convex, not decidedly inflated. Prosternal process broad, ventral surface smoothly

and evenly convex or with broad medial longitudinal angulation; surface punctate and on many specimens with distinct erect

setae, best seen in lateral view. Metasternal wings narrow. Metatibia with internal ventral margin impunctate or with few small

punctures near base. Metatarsal article 1 glabrous ventraUy.

Male articles 1 to 3 of protarsus very slightly broadened, each article with small elongate scales on ventral surface: anterior

protarsal claw very slightly longer than posterior, slightly broader and with ventral surface more or less straight medially when

seen from side; posterior claw slightly but evidently sinuate along ventral margin. Aedeagus with subapical ventral spine; nar-

rowed toward apex and not broadened subapicaUy.

Taxonomic notes. — This species has had a complex taxonomic history. Gemminger and

Harold considered it to be conspecific with A. pliaeopterus (Kirby). LeConte used the name
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A. discolor LeConte for specimens oi A. lutosus. Crotch corrected this homonymy by pro-

posing the replacement name A. lecontei, for A. discolor sensu LeConte, but aside from this

made no reference to the status or application of the name A. discolor (Harris). Horn placed

the name A. discolor (Harris) as a junior synonym of A. ambiguus (Say) which he in turn con-

sidered to be conspecific with congener (Paykull). Leng listed the names ambiguus (Say) and

subfuscatus Sharp as junior synonyms of discolor while Zimmermann placed the name A. dis-

color as a junior synonym of A. congener. Fall recognized A. discolor (Harris) as a valid species

and was the first to provide a description adequate for its recognition.

Natural history notes. — Most adults of A. discolor that I found were among emergent vege-

tation or in plant debris along margins of small slow-flowing streams, in seepage areas, or in

small grass- or sedge-filled spring or stream-fed pools, in forested portions of the province.

Teneral specimens were collected from July 8 to July 17.

Distribution. — Fall records this species from New England to Manitoba. I examined 26

specimens from Manitoba (UASM), all of which are similar to Alberta specimens, and 126

specimens from Alberta localities (map. Fig. 428).

Agabus approximatus Fall, 1923

Agabus approximatus Fall, 1923: 26. (Type locality - Horsefly Peak Divide, San Mig. Co., Colorado.) - Leng and Mutchler

1927: 17. - F. Balfour-Browne 1950: 77. - Hatch 1953: 222. - Leech and Chandler 1956: 321. - Anderson 1962: 69.

Diagnosis. — Adults are very close to those of H. congener and A. discolor. Paler integument

and narrower subapical portion of the aedeagus separate specimens of A. approximatus from

those of A. congener. It is not possible to distinguish constantly between A. approximatus and

A. discolor, but specimens of the former generally have more coarsely impressed elytral micro-

sculpture, lateral margin of pronotum is less broadly rufous, prosternal process is more strongly

angulate medially and the metasternal wing is broader.

Description. - Measurements of 25 specimens from the Cardston, Alberta, area are: TL - 7.60 to 8.48 mm (X = 7.87 ±

0.20 mm); MW - 4.16 to 4.48 mm (X =4.23 ± 0.10 mm); TL/MW - 1.76 to 1.89 (X = 1.82 ± 0.04);WC/WS - 1.84 to

2.21 (X = 2.01 ± 0.10).

Head black except frontal spots and, on some specimens, anterior margin of clypeus narrowly rufous: antenna rufous,

terminal articles lightly infuscate apicaUy or not: palpi testaceous, except apex of terminal article of maxillary palpus lightly

infuscate on some specimens. Pronotum black except lateral bead and a narrow lateral margin of disc just internal to bead,

rufous. Elytron with epipleuron, basal and lateral margins, testaceous to pale brown; disc brown to piceous brown, rarely

piceous; without metallic reflection. Ventral surface mainly black. Legs rufous except femora, at least medially, and metatibia,

piceous.

Elytron with lines of sculpture (Fig. 317) generally deeper than in A. discolor, meshes generally larger and of obviously

different shapes and sizes over all but extreme apex; with scattered small punctures situated medially on larger meshes.

Structure similar to A. discolor but differing as follows: prosternal process strongly convex, from strongly and evenly

convex in cross-section to tectiform, to more or less carinate with sides lateral to median ridge concave; glabrous on most

specimens. Ratio WC/WS less than for M. discolor. Sexual characters as in discolor. Aedeagus as in Figure 210.

Taxonomic notes. — Specimens of A. approximatus from southwestern Alberta are distinct

from specimens of A. discolor from central and northern Alberta. However, populations from

the Cypress Hills and localities in the latitude of Calgary to Edmonton, often possess character-

istics of both species, including a ratio of WC/WS of an intermediate value, and hence they

could as easily be assigned to one species as the other. The approach taken here, that is assign-

ing both forms the rank of full species, is not justified on the basis of variation shown in Alberta

populations. However, a careful study of type material and of variation shown by both forms

is necessary before their status can be determined. The following species, A. sp. near approxi-

matus, shows the same sort of relationship to A. approximatus the the latter shows to A. dis-

color, but it, too, is treated as a full species for it also has a discrete geographical range and

occupies a somewhat different habitat.

Natural history notes. — Like A. discolor, this species inhabits patches of emergent vegetation
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in small, often warm, slow-flowing creeks and springs, or in pools or ponds fed by at least

temporary streams. Specimens are often found in drying pools situated in the beds of melt-

water creeks. Many teneral specimens were collected during the last two weeks of June, but

as adults are often abundant in early spring, possibly overwintering occurs in the adult stage

with larval development in early spring. This appears even more likely as certain forms of

habitat in which the species occurs, persist only a short time during and just after spring run-

off.

Distribution. The species ranges from Colorado and Utah to California, and north to

British Columbia and southern Alberta. I examined 130 specimens from Alberta localities

(map. Fig. 429).

Agabus species near approximatus

Diagnosis. — This species is very similar to A. approximatus but differs in the ways given

in the following description.

Description - Measurements of two population samples are: - Highwood Pass (N = 20): TL - 6.96 to 8.00 mm (X =

7.52 ± 0.30 mm); MW - 3.68 to 4.24 mm (X -4.04 ± 0.18 mm); TL/MW - 1.80 to 1.93 (X = 1.86 ± 0.03);WC/WS -

1.76 to 2.35 (X = 2.10 ± 0.16); Bow Lake, Banff National Park (N = 35): TL - 6.72 to 8.40 mm (X = 7.42 ± 0.37 mm);

MW - 3.60 to 4.24 mm (X = 3.96 ± 0.17 mm); TL/MW - 1.80 to 1.96 (X = 1.88 ± 0.04);WC/WS - 1.89 to 2.42 (X =

2.12 ± 0 . 12 ).

Color usually darker than that of A. approximatus: antenna and palpi rufous; antenna with articles 5 or 6 to 1 1 lightly

iivfuscate apically, terminal article of each palpus lightly infuscate apicaUy on many specimens; lateral bead of pronotum

rufous, but disc internal to bead very narrowly rufous or, on most specimens, piceous: elytron with disc dark rufous to

piceous, with humerus, lateral margin and epipleuron, pale brown.

Elytron with lines of sculpture (Fig. 318) more deeply impressed, especially on female; meshes very irregular in size and

shape.

Prosternal process strongly convex, tectiform or carinate but on most specimens sides lateral to medial convexity not

concave. Aedeagus as in Figure 211.

Taxonomic notes. — Specimens of this species from higher elevations of western Alberta

are distinct from prairie specimens of A. approximatus. However, in the southwestern foothills,

this species and A. approximatus intergrade. Both this species and A. discolor have been col-

lected from the same pond in the Nordegg area but specimens showed no sign of intergradation.

Because of the unsettled state of classification of this group of species, I have not proposed a

name for this form, as such would introduce additional nomenclatural complexity.

Natural history notes. — This insect inhabits small moss-ringed alpine pools to elevations

of at least 6800'. Specimens were also collected in subalpine localities among emergent vegetation

in small seepage or spring-fed pools, usually in cool water over a bottom of black organic silt.

Teneral specimens were collected July 31 and August 1.

Distribution. — Not known outside of Alberta, the species is restricted to the Rocky Moun-

tains and adjacent foothills. 1 examined more than 200 specimens from Alberta localities (map.

Fig. 430).

Agabus inscriptus (Crotch), 1873

Gaurodytes inscriptus Crotch, 1873: 422. (Type locality - Labrador.). - LeConte 1863a: 17 (nomen nudum). - Leng 1920:

79. - Zimmermann 1920: 163. - FaU 1922: 27. - Fall 1926: 141. - Brown 1930: 236. - Hatch 1953: 223. - Wallis

1973: 107.

Agabus smithi Brown, 1930a: 88. (Type locality - Copper Mtn. near Creston, B. C.). - Leng and Mutchler 1933: 15. - Leech

and Chandler 1956: 321. - Hatch 1953: 223.

Diagnosis. - This species varies markedly and may be a composite of two or three poorly

differentiated species. It is a member of the A. congener group and is most easily recognized

on the basis of small size and broad metasternal wings.
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Description. - Measurements and ratios for population samples from two localities are: Junction of S and W Castle

Rivers (N = 20): TL - 6.16 to 6.96 mm (X = 6.59 ± 0.21 mm);WC/WS - 1.81 to 2.35 (X = 2.02 ± 0.13); Jasper National

Park, Maligne Range (N = 20): TL - 6.40 to 7.20 mm (X = 6.80 ± 0.23 mm);WC/WS - 1.86 to 2.30 (X = 2.08 ± 0.12).

Head black e.xcept rufous frontal spots and anterior margin of clypeus of some specimens piceous; antenna rufous, articles

5 to 1 1 lightly infuscate apically or not
;
palpi rufous, terminal article of each palpus with apex lightly infuscate or not. Pro-

no turn black except lateral bead dark rufous to piceous and some specimens with disc narrowly inside of bead, rufous. Elytron

with basal and lateral margins and epipleuron, brown; disc darker medially and apically, dark brown to piceous. Ventral sur-

face black except posterior margin of sterna 3 to 6, rufous. Legs rufous except femora darkened medially.

Sculpture of head and pronotum various. Elytron (Fig. 319, 320, 321) with lines lightly impressed, meshes small; sculpture

various, meshes from small more or less rounded to very irregular in shape and size, but most specimens, at least basomedially

meshes of unequal size and shape.

Clypeus with anterior bead fine but complete. Pronotum with disc inside anterior portion of lateral bead more or less

flat or at most gently convex and not abruptly inflated. Prosternal process various, broadly and evenly convex to subangularly

convex but not carinate; glabrous. Metatibia punctate along inner ventral margin or not. Metatarsal article 1 glabrous ventrally.

Male articles 1 to 3 of pro- and mesotarsi very slightly widened, each with numerous small narrow scales on ventral surface;

pro tarsal claws slightly elongated, anterior claw slightly longer and broader than posterior, not sinuate beneath; posterior

claw with slight ventral sinuation. Aedeagus slender, not swollen subapically; with elongate subapical ventral spine.

Taxonomic notes. — Most Alberta specimens can be assigned to one of three forms, although

they are not strongly differentiated and some specimens could be as easily placed with one

as another. However, there is justification for their recognition, at least informally, for they

are mainly allopatric and differ in habitat, although this may result from each form occupying

a different physiographic area. Because these forms are very similar to one another, they may

be localized races or ecotypes of a widespread species.

Below, for each of these forms, are given diagnostic characteristics, names, habitat and dis-

tribution in Alberta.

Form A. — This is the typical form to which the name A. inscriptus (Crotch) applies. It is

transcontinental in the northern or boreal portions of the continent, and inhabits the boreal

portion of Alberta, and intergrading with form B in the Swan Hills and along the Rocky Moun-

tain foothills. Characteristics of Form A are:

Microsculpture of pronotum fine, meshes small and on most specimens not longitudinally stretched anteromedially on

disc. Elytron with meshes (Fig. 319) small and rounded. Prosternal process relatively broad, lowly and evenly convex or

with low broad medial longitudinal angulation. Metatibia with posterior ventral margin impunctate on most specimens.

Most specimens have been collected from sphagnum bogs. Teneral specimens have been col-

lected from July 17 to 31.

I examined 55 specimens from Alberta localities (map. Fig. 431).

Form B. - This is without a formal name. In many characteristics it is intermediate between

forms A and C; yet it retains a distinctive appearance. The principal characteristics are:

Color dark, elytron mainly piceous; tibia of many specimens infuscate. Pronotum with meshes of sculpture larger than

in form A, meshes somewhat elongate anteromedially. Elytron with meshes (Fig. 320) very irregular in size and shape, lines

relatively deeply impressed, especially on female. Prosternal process strongly convex, with distinct rounded medial angula-

tion. Metatibia with inner ventral margin impunctate or with few punctures near base or rarely scattered along much of

length of the tibia. Aedeagus as in Figure 212.

These insects are found in small alpine and subalpine pools, to an elevation of at least 7300',

among sedges or rushes or in very small moss-ringed pools. Teneral specimens have been col-

lected on August 9.

This form is known only from the Rocky Mountains and adjacent foothills and from the

higher elevations in the Swan Hills. I examined 98 specimens (map. Fig. 432).

Form C. — I compared Alberta specimens with a male paratype of A. smithi Brown and

they agree well in all characters including punctation and microsculpture. Characteristics are:

Color pale, elytron of many specimens uniformly brown or pale piceous. Dorsal surface densely punctate. Pronotum with

meshes of sculpture large, somewhat elongate anteromedially, with numerous small punctures both in lines and on meshes.

Elytron with meshes (Fig. 321) generally rounded in shape, irregular in size, with numerous distinct punctures, each medially

on a mesh. Prosternal process with rounded or subangulate medial convexity. Metatibia with inner ventral margin with punc-

tures on most specimens forming row along much of length. Aedeagus as in Figure 213.

The specimens that I have collected were found among emergent Carex along backwaters
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of very small slow creeks and along the margin of an old largely grown-in beaver pond.

This form is known from southeastern British Columbia and extreme southwestern Alberta.

I examined 50 specimens (map, Fig. 433).

Agabiis bifarius (Kirby, 1837)

Colymbetes bifarius Kirby, 1837: 71. (Type specimen - female in BMNH labelled as follows: Type H.T.; N. Amer. 5775a;

Colyrnb. bifarius Kirby, N. Amer. 5775 Rev. W. Kirby !). - LeConte 1850: 214. - Melsheimer 1853: 30. - LeConte

1863a: 17. - Gemminger and Harold 1868: 453. - Crotch 1873: 414. - Sharp 1882: 537. - Wickham 1895b: 118. -

Leng 1920: 79. - Zimmermann 1920: 185. - Brown 1930b: 237. - Leech 1942a: 87. - Leech 1942b: 357. - Hatch

1953: 228. - Zimmermann 1934: 144. - F. Zaitsev 1953: 266. - Carr and Leech 1966: 98. - James 1970: 94. -

WaUis 1973: 108.

Diagnosis. - The pattern of elytral sculpture, in part of numerous deeply impressed more

or less separated lines longitudinally oriented basally but transverse apically, is unique to

this species.

Description. - Measurements of 20 specimens from Calgary, Alberta are: TL - 6.24 to 6.72 mm (X - 6.43 ± 0.15 mm);

MW - 3.28 to 3.68 mm (X - 3.41 ± 0.09 mm); TL/MW - 1.82 to 1.95 (X = 1.88 ± 0.03); WC/WS - 2.95 to 4.07 (X =

3.49 ± 0.26).

Body piceous to black. Head with frontal spots, anterior margin of clypeus, anterolateral portions of frons, and labrum,

rufous: antenna testaceous to rufous with articles 5 to 11 infuscate apically: palpi testaceous, terminal article of each palpus

infuscate. Pronotum with lateral and basal margins rufous. Scutellum and elytron uniformly piceous to black. Ventral surface

piceous to black except prosternal process, metacoxal process, and posterior margin of abdominal sterna, rufous to pale piceous.

Legs rufous except femora infuscate medially and also basally on some specimens.

Male sculpture of elytron (Fig. 322) of deeply impressed, short, separated lines, directed longitudinally on basal portion

of disc, oblique medially and transverse apically on disc; interspaces with fine, more or less isodiametric microreticulation

and with widely scattered inconspicuous punctures. Female (Fig. 323, 324) with similar pattern of primary sculpture but

lines deeper and denser, on some specimens more or less merging or interconnected but not in form of definite meshes;

interspaces with secondary sculpture coarse, punctation deeper and denser than on male.

Clypeus with anterior bead interrupted medially or not. Pronotum with lateral bead of moderate width, clearly delimited

posteriorly and medially but indistinct toward front angle. Prosternal process subangularly convex in cross section, punctate

and sparsely setose. Anteromedial portion of metasternum impressed. Metasternal wings very narrow. Metatibia with punctures

of posteroventral margin restricted to basal third. Metatarsal articles 1 and 2 with very fine sparse punctation on dorsal surface.

Male with protarsal claws as in Figure 173. Aedeagus as in Figure 214.

Taxonomic notes. - This is the only water beetle in the fauna known to be wing dimorphic.

The wing is either normally developed with a reflexed apex or is narrowed and shortened to

about the length of a normal wing between its base and the first bend in the apical reflexion.

The majority of the population samples that Leech (1942a) and I examined, contain both long-

and short-winged individuals. However, micropterous specimens predominate in most Alberta

samples. Table 2 summarizes data on wing length in selected Alberta populations of A. bifarius.

Insufficient samples are available to delimit patterns of variation but it appears as though moun-

tain and foothills areas have the highest frequency of micropterous individuals, the Peace River

area the lowest, and the prairie and boreal portions of the province intermediate frequencies.

Leech ( 1 942a) noted that the western populations of this species showed sexual dimorphism

in elytral sculpture while eastern North American populations did not, or at least the majority

of the females resembled the males.

Natural history notes. — This species occurs in a variety of habitats, from temporary to

permanent ponds in both prairie and forested portions of the province. However, it appears to

be most abundant in shallow temporary ponds situated in rough fescue prairie or in the park-

land areas. These ponds are typically shaded, at least in part, by willow, aspen and emergent

vegetation as well as dense accumulations of Carex and grass stalks. This is one of the first

species to become active in the spring, and specimens were found copulating in a thin layer of

melt water which covered the ice of a still frozen pond. Many teneral specimens were seen from

July 4 to July 21.

Distribution. - Leech (1942a) recorded A. bifarius from New Hampshire and Massachusetts

to British Columbia, and south to Illinois. The northern limits are unknown but I examined
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specimens from Churchill (Wallis, UASM) and Great Salve Lake, N.W.T. (UC), and more than

500 specimens from Alberta localities (map. Fig. 434).

Table 2. Data on variation in wing length among selected Alberta population samples of Agabus

bifarius Kirby.

Locality N % micropterous

1 8 mi S Irvine 32 81

8 mi W Calgary 71 83

Forestry Trunk-Road, 21 mi N Hwy lA 31 100

Teepee-pole Creek, W Bearberry 19 68

4 mi S Lacombe 14 79

8 mi E Nordegg 19 95

Edmonton 18 56

44 mi N Hinton 13 100

10-12 mi S Swan Hills 45 82

2 mi S Ft. McKay 13 85

Peace River area (pooled localities) 19 37

Agabus antennatus Leech, 1939

Agabus antennatus Leech, 1939: 217. (New name for A. clavatus LeConte.). - Hatch 1953: 228. - Anderson 1962: 70. -

Gordon and Post 1965: 21. - Wallis 1973: 108.

Agabus clavatus LeConte, 1859a: 4. (Type locality - Loup Fork of Platte R., Nebraska.). - Not LatreiUe, 1804. - LeConte

1863a: 17. - Gemminger and Harold 1868: 454. - Crotch 1873: 414. - Sharp 1882: 536. - Carr 1920: 4. - Leng 1920:

79. - Zimmermann 1920: 181. - Fall 1922: 34. - Brown 1931: 116. - F. Balfour-Browne 1950: 36, 143. - Watts

1970: 723.

Diagnosis. — Enlarged metacoxal plates and clavate antennae separate males from those

of other Alberta species of Agabus.

Description. — Measurements of 20 specimens from the vicinity of Beauvis Lake Provincial Park (nr. Pincher Creek),

Alberta, are: TL - 7.36 to 8.00 mm (X = 7.68 ± 0.19 mm); MW - 3.68 to 4.28 mm (X = 3.97 ± 0.14 mm);TL/MW - 1.87

to 2.02 (X = 1.94 ± 0.04); WC/WS - 3.50 to 4.18 (X = 3.88 ± 0.22).

Body brown to piceous. Antenna with articles 9 or 10 to 11 darkly infuscate; palpi pale with apical half of terminal article

of each palpus black. Elytron with lateral and basal margins testaceous to pale brown, disc darker, brown to piceous medially

and apically. Ventral surface reddish brown except metasternal wings, metacoxae and basal portions of abdominal sterna,

dark brown to piceous.

Elytron with sculpture (Fig. 325) of small hexagonal isodiametric meshes, lines deepest basally and shallower toward apex;

with scattered small punctures, mainly in intersections of lines.

Clypeus finely and completely margined. Pronotum with lateral bead broad; anterolateral angles large, extended relatively

far forward; lateral margin evenly arcuate. Prosternal process angularly convex medially, more rounded basally and apically;

apex acute. Metastemum with anteromedial margin incised to level of hind margin of mesocoxae. Metasternal wings very

narrow; metacoxae large, extended forward to level of hind margin of mesocoxae. Metatibia with few punctures along at least

basal third of posteroventral margin.

Male smaller than female, less convex dorsaUy and narrower and more parallel sided. Male with antennal articles 5 to 1

1

expanded laterally, subclavate narrow club (Fig. 144). Protarsal claws (Fig. 174) slightly elongated, anterior claw rather nar-

row and straight, posterior claw shorter and distinctly sinuate beneath; protarsal article 5 with a small blunt ventral tooth,

ventral setae reduced and restricted to region of tooth. Aedeagus (Fig. 215) narrow, apex bluntly rounded, not twisted; basal

piece small; paramere short, triangular in lateral view.

Taxonomic notes. — The systematic position of this species is in doubt. Although it shares

male clavate antennae with A. serricornis (Paykull), A. clavicornis Sharp and A. verus Brown,

Brown (1931), Leech (1939) and F. Balfour-Browne ( 1 950) express doubt that A. antennatus

is related to the others. However, the relatively large metacoxal plates, hexagonal or rounded
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isodiametric sculpture of the elytron, and brown to piceous color of body, are characters

shared by all of these species as well as an essentially similar form of male genitalia. These

characters increase the plausibility of the four species being a natural unit.

Natural history notes. — A. antennatus is common in the emergent zone of warm shallow

ponds and lakes of the parkland and mixed forest regions of the province. Although less com-

mon elsewhere, specimens have been found in most areas of the province, usually in warm

permanent ponds but occasionally in cold Carex marshes and along the margins of slow creeks.

Teneral specimens were collected from July 7 to August 29. Watts (1970) described the larva.

Distribution. - The species ranges from Manitoba to British Columbia and from Nebraska

to the Mackenzie Delta (Aklavik, UASM). I examined 430 specimens from Alberta localities

(map. Fig. 435).

Genus Carrhydrus Fall, 1923

Carrhydrus Fall, 1923: 35. (Type species - Carrhydrus crassipes Fall, by monotypy.)

The single species is known only from Alberta and the District of Mackenzie, Northwest

Territories. Males are remarkable for the great development of their secondary sexual characters.

Both sexes are identified to genus by the distinctive structure of the mouthparts: penultimate

article of labial palpus expanded and triangular in cross section with faces more or less concave;

submentum with transverse series of coarse parallel longitudinal ridges. These structures have

been interpreted as forming a stridulatory organ with the sharp posterior face of the labial

palpus acting as the plectrum which is drawn across the file on the submentum (Larson and

Pritchard, 1974).

Additional characteristics of the genus are: clypeus with anterior margin finely but more or less completely margined:

eye emarginate above base of antenna; pronotum margined laterally; prosternum and process in same plane, prosternal process

elongate and slender, received into a deeply impressed groove on anteromedial portion of metasternum; mesosternum large,

prominent; metacoxal lobes rounded; metafemur with well developed subapical comb; metatibia without bifid setae, female

with posterior margin of metatibia and external margin of metatarsal article 1 without natatorial setae; metatarsal articles very

shghtly and broadly lobed on apical margin, almost truncate; metatarsal claws unequal, outer claw about one half length of

posterior claw; parameres broad, longer than aedeagus, densely setose; aedeagus short, slender and simple; ovipositor short,

setose, not adapted for piercing or sawing.

Carrhydrus crassipes Fall, 1923

Carrhydrus crassipes Fall, 1923: 35. (Type locality — Edmonton, Alberta.). - Leng and Mutchler 1927: 18. - Leech 1942b:

361. - Arnett 1963: 198.

Diagnosis. - Characters are presented under the generic description.

Description. - A large, robust species showing strong sexual dimorphism. Males larger than females, more robust with

maximum width near base of elytra. Females more evenly oval in outline, maximum width near middle of elytra.

Measurements and ratios are: males (N = 20), TL - 1 1.76 to 13.28 mm (X = 12.67 ± 0.38 mm); MW - 6.40 to 6.96 mm
(X -6.76 ± 0.15 mm);TL/MW - 1.80 to 1.95 (X - 1.87 ± 0.04). Females (N = 20), TL - 10.56 to 11.60 mm (X = 11.10

± 0.27 mm); MW - 5.48 to 6.32 mm (X = 5.84 ± 0.21 mm); TL/MW - 1.84 to 1.93 (X = 1.90 ± 0.03).

Body piceous to almost black medially on disc of pronotum and elytron; head, lateral margins of pronotum and elytron,

and prosternum, dark rufous; antenna and palpi rufous. Metacoxal process, apical margins of abdominal sterna, and legs,

rufopiceous. Female generally slightly darker than male.

Sculpture on head and disc of pronotum of well impressed lines in form of small meshes of irregular shape and alignment;

meshes with strong secondary reticulation; with fine punctures chiefly at intersection of lines; sculpture irregularly granular

laterally on pronotum. Elytron with sculpture finely granular, of small rounded more or less isodiametric meshes with numer-

ous small scattered punctures.

Male with many secondary sexual characters. Antenna with articles 5 to 10 broadened laterally, flattened ventrally. Front

and middle legs strongly modified, middle legs more so than front: profemur strongly dilated apically, outer margin sinuate

and external apical angle produced; protarsus with articles 1 to 3 dilated, article 1 very large, triangular, strongly convex dor-

saUy, articles 2 and 3 short, transverse, each article bearing numerous small rounded scales on ventral surface; article 5 triangular

in lateral view, base broad, narrowed distaUy; protarsal claws elongate, posterior claw longer and broader than anterior; middle
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leg similar to front leg but femur larger, metatibia strongly and evenly dilated distally, outer margin more or less straight

even to apex of prolonged external apical angle; mesotarsi with article 1 very large, much larger than comparable article of

protarsus, articles 2 and 3 short and transverse, articles 4 and 5 and mesotarsal claws not modified. Metasternum concave in

lateral view, metacoxal processes prolonged posteriorly and ventrally, in lateral view forming an even arc with concave meta-

sternum. Metatibia with dense brush of setae along posterior margin; metatarsal articles each with setose brush on hind mar-

gin, least developed on article 2; metatarsal article 1 elongate, subequal in length to combined length of articles 2 and 3.

Aedeagus and parameres as in Figure 216.

Taxonomic notes. - Structure of the labial palpus and submentum exhibited by members

of Carrhydrus seem unique in the Dytiscidae. On the other hand, almost all other character-

istics shown by this genus are possessed by one or more species belonging to other genera of

the tribe Agabini. This is especially true of the species placed in Agabus s. str.
,
for example

the species A. venis Brown, A. serricornis (Payk.), and A. clavicornis Sharp. Along with these

species C crassipes shares the narrowly margined clypeus, expanded male antenna, relatively

strongly developed mesosternum, heavy legs and broad, dorsally convex basal articles of pro-

and mesotarsi, development of setose brushes on the hind margin of the metatibia and along

the posterior margins of the metatarsal articles, and elongate metatarsal article 1. Many of

these modifications are more strongly developed in Carrhydrus than in the species of Agabus.

Nevertheless the basic similarities in structure are evident. With these characters eliminated,

Carrhydrus differs from certain species included in Agabus only in shape of the labial palpus

and submentum (several different types of possible stridulatory organs have been evolved in

Agabus (Larson and Pritchard, 1974)), concave metasternum and elongate metacoxal processes

(a secondary sexual character), and unequal metatarsal claws.

It seems that C. crassipes is a highly modified species closely related to members of the

serricornis group of Agabus {Agabus s. str.). The question of whether to retain Carrhydrus

as a separate genus or to combine it with Agabus s. str. is one that can only be properly answer-

ed when a sound supraspecific classification of the genus Agabus is developed. For the present,

I regard Carrhydrus as a distinct genus but recognize its strong affinities with Agabus.

Natural history notes. — These insects are in permanent ponds and marshes in the forested

portions of the province. Most specimens have been found in floating mats of decaying grasses

or Carex stalks in water from 8 to 36 inches deep. The beetles are especially common in newly

formed beaver ponds in which there are large quantities of submerged and putrifying grasses

and other terrestrial vegetation. Few specimens have been found in shallow water along the

margins of ponds or marshes. The beetles are almost always highly aggregated, and when dis-

covered, a series can usually be taken from an area of a few square feet. Teneral specimens

have been collected on July 17 (High Level, Alberta).

Distribution. — This species is known from only Alberta and the western Northwest Territor-

ies. It has been recorded from Alabama (Arnett, 1963), no doubt in error due to misinterpreta-

tion of the abbreviation for Alberta used by Leng and Mutchler (1927). I examined 76 speci-

mens from Aklavik, N.W.T. and Alberta localities (map. Fig. 436).

Genus Ilybius Erichson, 1 840

Ilybius Erichson, 1840: 34. (Type species - Dytiscus fenestratus F., designated by Westwood 1840: 8.)

Members of this genus resemble large specimens of Agabus but can almost always be recog-

nized by their distinctive habitus: body elongate oval with dorsal surface relatively strongly

convex. Most species of Agabus tend to be more flattened dorsally. Characteristics shared by

all Alberta members of the genus are;

Size moderate to large, 7.7 to 12.6 mm; body oval to more or less parallel sided medially; strongly convex dorsally. Color

dark except lateral margins of body of some specimens rufous: elytron with medial sublateral and subapical pale spot, indistinct

on some specimens. Head with clypeal impressions, elongate and close to anterior margin, extended parallel to anterior margin

but not in contact medially. Pronotum with lateral bead; lateral margin more or less evenly arcuate, posterolateral angles
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rounded and obtuse. Prosternum and prosternal process longitudinally carinate; metasternum sharply incised. Metatarsus

with articles 1 to 4 with external apical angles lobed; metatarsal claws unequal. Male articles 1 to 3 of pro- and meso tarsi

somewhat dilated, each article with numerous long stalked golden scales beneath; protarsal claws slightly modified: some

specimens with narrow longitudinal keel between metacoxa or medially on abdominal sternum 6; parameres symmetrical,

setose apically; many specimens with parameres with adhesive setae along inner ventral margin. Female with inner margin

of metatibia and external margin of metatarsal article 1, glabrous (except for females of discedens); sternum 6 emarginate

medially, with posteromedial knob; valves of ovipositor (Fig. 224) strongly sclerotized, elongate and ventrally toothed.

Males of Alberta Ilybius are relatively easy to identify to species for they possess a number

of secondary sexual characters easily interpreted and usually characteristic of a given species.

A ridge along the outer dorsal margin of metatarsal articles 1 to 4, divides the males into two

main groups. Other characters useful for identification of males are the sculpture on abdominal

sternum 6 and shape of the aedeagus. Females possess fewer distinctive characters and for this

reason are difficult to identify to species if they cannot be associated with males. For females,

the most useful characters are: color, microsculpture of elytron, punctation of the metatibia,

and the extent of the marginal beading on sternum 6. Color, especially degree of infuscation

of the antenna, is variable, but has been used in the following key because it is useful for the

majority of specimens. Also extent of punctation on the metatibia is subject to variation but

again in most cases it provides a useful character.

The following key is satisfactory for males and most females. However, for some females

identification may only be possible through examination of a series or association with a male.

Key to the Alberta species of Ilybius Erichson

1 Males 2

r Females 7

2 (1) Metatarsal articles 1 to 4 with longitudinal ridge or bead along dorsal external mar-

gin 4

2’ Metatarsal articles 1 to 4 without external dorsal ridge 3

3 (2’) Lateral margin of pronotum and elytron black; metacoxa without low medial longi-

tudinal keel; aedeagus very large (Fig. 217); elytron with meshes of sculpture - not

longitudinally stretched /. discedens Sharp, p. 372

3’ Lateral margin of pronotum and elytron rufous; metacoxa with medial longitudinal

keel; aedeagus smaller (Fig. 218); elytron basally with meshes of sculpture elongate

in orientation on many specimens /. fraterculus LeConte, p. 373

4(2) Posterior margin of sternum 6 with number of strong longitudinal rugae or striae;

scattered setiferous punctures more or less hidden in rugae 5

4’ Sternum 6 with posterior margin smooth, at least medially, or some specimens with

few obsolete striae laterally; setiferous punctures evident

I. pleuriticus LeConte, p. 375

5 (4) Sternum 6 with thin longitudinal medial keel just anterior to hind margin; body

black dorsally, rarely with metallic sheen; antenna with terminal article infuscate .

6

5’ Sternum 6 without posteromedial longitudinal keel; dorsal surface of most specimens

with distinct aeneous sheen; antenna entirely pale . I. subaeneus Erichson, p. 374

6(5) Aedeagus tapered evenly to apex, not subapically flanged; metatibia with a series of

punctures extended entire length of ventral face ./. angustior (Gyllenhal), p. 375
6’ Apex of aedeagus spear-shaped in ventral view; metatibia with coarse punctures of

ventral face restricted to basal third, remainder of tibia very finely and sparsely punc-

tate : /. quadrimaculatus Aube, p. 376

7 (!’) Metatibia with inner margin between ventral and dorsal rows of coarse spines with

series of long brown natatorial setae; meshes of elytral sculpture basally with scattered
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small punctures; metatibia with ventral face more or less impunctate or with small

widely scattered punctures . . /. discedens Sharp, p. 372

Inner margin of metatibia glabrous, without natatorial setae; elytron with meshes of

sculpture largely impunctate; metatibia with ventral face impunctate or punctate

medially 8

Antenna with outer articles lightly infuscate or at least with article 1 1 piceous med-

ially; lateral margin of pronotum (except for front angles) dark piceous or black

inside lateral bead 11

Antenna entirely pale; lateral margin of pronotum medial to lateral bead, broadly

rufous, or if piceous, elytron with aeneous sheen 9

Metatibia with ventral face very finely and sparsely punctate; meshes of elytral sculp-

ture with distinct longitudinal orientation on basomedial portion of disc .

/. fraterculus LeConte, p. 373

Metatibia with medial longitudinal series of punctures, smaller or not on apical half

than on basal half; elytral sculpture with meshes smaller, more irregular in shape and

usually without suggestion of longitudinal orientation 10

Dorsal surface with distinct aeneous sheen on most specimens; lateral margin of pro-

notum piceous inside lateral bead or rarely rufous; lateral bead of sternum 6 com-

plete at external angle of medial emargination: size smaller, 9.9 to 1 1.0 mm
/. subaeneus Erichson, p. 374

Dorsal surface of body without aeneous sheen; lateral margin of pronotum broadly

rufous; sternum 6 with marginal bead broken or obsolete lateral to external angle

of medial emargination; larger, 10.7 to 12.6 mm . ./. pleuriticus LeConte, p. 375

Metatibia with ventral medial surface coarsely punctate throughout length: smaller,

8.4 to 9.5 mm /. angustior (Gyllenhal), p. 375

Metatibia with ventral face impunctate in apical half or with only very small fine

punctures much smaller than those of basal half: larger, 10.0 to 11.1 mm
I. quadrimaculatus Aube, p. 376

Ilybius discedens Sharp, 1882

Ilybius discedens Sharp, 1882: 557. (Lectotype, here selected - male in BMNH labelled as follows: Ilybius discedens 6 type,

D.S., Hudsons Bay 1879; Type H.T.; Sharp CoU.; 1905-313; Type 930 1, discedens to go next 850, Hudson’s Bay.). -

Leng 1920: 80. - FaU 1927b: 283. - Brown 1930b: 237. - Brown 1932b: 201. - Wallis 1939c: 197. - James 1970:

94. - Wallis 1973: 109.

Diagnosis. — The combination of small size, dark color, the very large aedeagus of the male

and presence of setae along the inner posterior margin of the metatibia of the female, make

this one of the most distinctive species of Ilybius.

Description. — Measurements of 20 specimens from northern Alberta are: TL - 7.68 to 9.04 mm (X = 8.20 ± 0.32 mm);

MW - 4.08 to 4.80 mm (X = 4.32 ±0.18 mm); TL/MW - 1.85 to 1.96 (X = 1.90 ± 0.03); WC/WS - 2.85 to 3.54 (X = 3.18

± 0.17).

Body black, without metallic sheen. Head with labrum and anterior margin of clypeus, dark rufous; antenna and palpi

rufous. Lateral margins of pronotum and elytron, piceous. Elytron with short sublateral vitta near middle and small subapical

spot (on some specimens these pale spots visible only when elytron is lifted). Legs dark rufous to piceous.

Elytron with sculpture of deeply impressed lines in form of small somewhat rounded meshes not stretched longitudinally;

meshes with fine secondary reticulation somewhat effaced basally but stronger laterally and apically: small punctures both

in meshes and at intersections of lines. Sexes with sculpture similar but female with sculpture deeper and less shiny; male

unusually shiny for genus.

Metatibia with few coarse punctures basaUy on ventral face, otherwise impunctate or with only few scattered inconspicuous

punctures.

Male with metatarsal articles without external dorsal ridge. Metacoxae without medial longitudinal keel. Sternum 6 with

apex broadly truncate or shallowly bisinuate; flat posteromedially and longitudinally striate lateraUy. Aedeagus (Fig. 217)
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very large, apex broadened and reflexed ventrally; paramere slender, setose on apical half only and lacking adhesive setae.

Female internal margin of metatibia and outer margin of metatarsal article 1 with sparse brown natatorial setae. Sternum 6

deeply emarginate, posteromediaUy produced into rounded knob or keel, laterally v/ith few setiferous punctures and poorly

defined rugae.

Taxonomic notes. — Sharp’s male type agrees well with Alberta specimens of /. discedens

in shape of the aedeagus and in secondary sexual characters. I have not noticed any important

variation in this species.

Among the Alberta species assigned to the subfamily Colymbetinae, this species and members

of the genus Coptotomus are unique in that the female possesses natatorial setae on the meta-

tibia and along the outer margin of metatarsal article 1

.

Natural history notes. — Members of this species are almost entirely restricted to cold waters

of Sphagnum bogs but sometimes are found in moss mats in cold Carex marshes. Very teneral

specimens were collected on July 6, but tenerals were taken on many occasions between July

6 and August 1 . I have not seen flight records.

Distribution. — The species is transcontinental in boreal North America, ranging from New-

foundland (St. Anthony, UASM !) and New Hampshire (Mt. Washington, UASM !), to Alaska

(Nome, UASM !). In Alberta, the species is probably widespread throughout the boreal and

mixed forest areas south along the east slope of the Rocky Mountains to the Bow River drain-

age. I examined 107 specimens from Alberta localities (map. Fig. 437).

Hybius fraterculus LQContQ, 1862

Ilybius fraterculus LeConte, 1862: 521. (Type locality - North Red River.). - LeConte 1863a: 17. - Gemminger and Harold

1868: 451. - Crotch 1873: 412. - Blatchley 1910: 222. - Leng 1920: 80. - Fall 1927b: 283. - Wallis 1939c: 199. -

LaRivers 1951: 403. - Hatch 1953: 230. — Leech and Chandler 1956: 321. — Anderson 1962: 71. - Gordon and Post

1965: 21. - Wallis 1973: 109.

Diagnosis. — The longitudinally stretched meshes on the basomedial portion of the elytron,

broadly rufous lateral margins of the body, and sparsely and finely punctate metatibia, are

characteristic of both sexes of this species.

Description. - Measurements and ratios of 20 specimens from southern Alberta are: TL - 9.76 to 10.64 mm (X = 10.22

± 0.22 mm); MW - 5.36 to 5.76 mm (X = 5.53 ± 0.12);TL/MW - 1.74 to 1.91 (X = 1.85 ± 0.03);WC/WS - 2.32 to 2.55

(X = 2.42 ± 0.06).

Dorsal surface piceous to black with faint aeneous or cupreous sheen on some specimens. Head with frontal spots, anterior

margin of frons, clypeus and labrum, rufous; antenna and palpi entirely testaceous. Lateral margins of pronotum and elytron

broadly rufous. Epipleuron rufous. Ventral surface rufous to piceous. Legs rufous to piceous.

Elytron with sculpture of small meshes formed by well impressed lines; meshes irregular in size and shape over most of

disc but longitudinally oriented basomedially.

Metatibia with ventral face coarsely punctate on basal 0.25 to 0.33, otherwise surface with only sparse fine punctures.

Male metacoxa with small medial keel; sternum 6 smooth medially, with few scattered punctures along hind margin and

short more or less obsolete rugae present laterally; metatarsus articles 1 to 4 without dorsal submarginal ridge; male genitalia

as in Figure 218; parameres without adhesive setae; aedeagus with apex bent to right. Female sternum 6 emarginate medially,

sides lateral to emargination with few scattered setiferous punctures but v/ithout longitudinal rugae.

Taxonomic notes. — According to Wallis (1939) this species is closely related to I. confusus

Aube (1838), I. denikei Wallis (1933) and I. incarinatus Zimmermann (1928). The eastern spe-

cies /. confusus is certainly distinct and differs from I. fraterculus in better developed puncta-

tion of the metatibia, the aedeagus without the apical riglit-handed hook and the metacoxal

plates relatively larger. I have not examined specimens of/, denikei or/, incarinatus and

hence cannot venture an opinion on their validity. However, Wallis separated I. incarinatus

from I. fraterculus on the basis of its small size, and gave a length of 9.5 to 10 mm for/, in-

carinatus while /. fraterculus is said to be greater than 10 mm. This distinction does not hold

for Alberta specimens and many specimens would key to /. incarinatus in Wallis’ key.

In the above key to species, specimens of I. laramaeus LeConte (1859) key to /. fraterculus.

However, Wallis states that the two can be separated on the basis of a carina present on sternum
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6 of male specimens of I. laramaeus but absent from males of /. fraterculus. The species /.

laramaeus has not been collected in Alberta but as it is known from North Dakota to Wyoming

and Colorado (Gordon and Post, 1965) it may be in the extreme southern portion of the

province.

Natural history notes. — This species is most frequently found in prairie ponds, but also in

ponds in the parkland and mixed forest areas of the province. Most specimens have been col-

lected from shallow water among stands of emergent Juncus or Carex. Teneral specimens have

been collected from June 13 to July 23 hence it is possible that overwintering could occur,

in part, in an immature stage. However, many fully mature adults have been collected in late

April and early May indicating that they hibernated in the adult stage.

Gordon and Post (1965) record large numbers of this species coming to light in North Dakota.

Distribution. — This species is primarily western in distribution, being recorded from Indiana

and Manitoba to California and British Columbia. It has been collected as far north as 57° lati-

tude in Alberta but is common only south of the Athabasca River. I examined 221 specimens

from Alberta localities indicated in Figure 438.

Uybius subaeneus Erichson, 1837

Hybius subaeneus Exic\\son 1837, 156. (Type locality - Berlin, Brandenberg, Germany.). - Gemminger and Harold 1868:

452. - Hamilton 1894: 357. - Keen 1895: 167. - Wickham 1895b: 118. - Blatchley 1910: 222. - Zimmermann

1919: 217. - Carr 1920: 4. - Leng 1920: 80. - Fall 1927b: 282. - Brown 1932b: 201. - Zimmermann 1935: 83.

- Wallis 1939c: 193. - Hatch 1953: 229. - Zaitsev 1953: 279. - Anderson 1962: 70. - Wallis 1973: 109.

Uybius viridianeus Crotch 1873: 441. (Type locality - not restricted, described from specimens from Kansas and Hudson’s

Bay.). - (Old World synonymy omitted.).

Diagnosis. — Most specimens are immediately recognized by the aeneous or greenish sheen

of the elytra which is generally better developed than that of specimens of /. fraterculus or

I. pleuriticus. Males are identified by the margined metatarsal articles and sternum 6 which is

coarsely longitudinally striate but without a medial carina.

Description - Measurements of 20 specimens from the Peace River area of Alberta are: TL - 9.92 to 10.96 mm (X = 10.46

± 0.22 mm); MW - 5.20 to 5.92 mm (X = 5.62 ± 0.14 mm); TL/MW - 1.82 to 1.91 (X = 1.86 ± 0.25); WC/WS - 2.32 to

2.65 (X = 2.43 ± 0.08).

Color generally piceous to black, dorsal surface with an evident aeneous sheen. Head with frontal spots, anterior margin

of clypeus, and labrum, rufous; antenna and palpi entirely testaceous to rufous. Pronotum with lateral margin rufous, at least

obscurely so along inner margm of bead. Elytron with lateral margin rufous, disc with medial sublateral vitta, and subapical

spot well developed. Ventral surface dark rufous to piceous. Legs rufous.

Sculpture of elytron various: meshes rounded, unequal in size but not longitudinally stretched on basomedial portion of

disc. Metatibia with coarse setiferous punctures extended entire length of ventral face.

Male metacoxa with small medial longitudinal carina; sternum 6 with numerous coarse longitudinal rugae or striae along

posterior margin, without distinct medial longitudinal carina; metatarsus articles 1 to 4 with ridge along dorsal external margin;

paramere with small adhesive setae along inner margin; aedeagus as in Figure 219. Female with sternum 6 emarginate medially,

and lateral to medial knob of emargination with complete bead although low on some specimens.

Natural history notes. — This species inhabits emergent vegetation along the water’s edge

of shallow warm ponds. In Alberta, overwintering is in both adult and larval stages. Mature

adults were collected as early in spring as May 1 ,
and continuously throughout summer to Oc-

tober. On the other hand, most teneral specimens were found between June 20 and July 6,

suggesting that either development is very rapid in the spring or that at least some specimens

overwinter in immature stages. Balfour-Browne (1950) states that in Britain, these insects ovi-

posit in summer and early autumn, and the larvae overwinter. I have seen a specimen from

Manitoba collected at light (July 26).

Distribution. — This Holarctic species ranges from Britain to Siberia, and Alaska to Labrador

and Newfoundland. In the west, the species occurs south to Colorado and Utah. I examined

more than 550 specimens from Alberta localities (map. Fig. 439).
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Ilybius pleuriticus LeConte, 1850

Jlybius pleuriticus LeConte, 1850: 213. (Type locality - Lake Superior.). - Melsheimer 1853: 30. - LeConte 1862: 521. -

LeConte 1863a: 17. - Gemminger and Harold 1868: 451. - Crotch 1873: 411. - Sharp 1882: 552. - Leng 1920: 80.

- FaU 1927b: 282. - Brown 1930b: 237. - Brown 1932b: 201. - Wallis 1939c: 196. - J. Balfour-Browne 1948: 160.

- WaUis 1973: 108.

Ilybius inversus Sharp 1882: 552. (Type - Male in BMNH labelled as follows: (5 ; Type H.T.; Hudson’s Bay. Murray 841;

Sharp Coll. 1905-313; Type 841 /. inversus n. sp., Am. Bor.)

Diagnosis. — The largest specimens of Ilybius in Alberta belong to this species. Lateral mar-

gins of the body are broadly pale. The male is well characterized by the margined metatarsal

articles, pale antenna and palpi, and presence of a low keel on sternum 6. The female very

closely resembles the female of I. subaeneus but lacks an aeneous sheen, has the metatibia

less coarsely punctate and marginal bead of sternum 6 disappearing lateral to the external cor-

ner of the medial emargination.

Description. - Measurements of 20 specimens from 6 mi S Smith, Alberta, are: TL - 10.72 to 12.56 mm (X = 11.75 ±

0.47 mm); MW - 5.76 to 6.96 mm (X =6.27 ± 0.28 mm); TL/MW - 1.81 to 1.95 (X = 1.88 ± 0.04); WC/WS - 2.39 to

2.73 (X = 2.53 ± 0.10).

Dorsal surface generally black with faint brassy or aeneous sheen on some specimens. Head with frontal spots, most of

clypeus, and labrum, rufous; antenna and palpi rufous. Pronotum with lateral margin broadly rufous. Elytron with lateral

margin at least basaUy, and epipleuron, rufous; sublateral and subapical spots evident. Legs rufous to piceous.

Elytron with meshes of sculpture irregular in size and shape; on some males meshes somewhat longitudinal in arrangement

basomediaUy. Metatibia with punctation extended length of ventral face on most specimens, punctures irregular in size and

largest basally.

Male metacoxa with small medial carina; sternum 6 nonstriate or with only few weak longitudinal rugae along posterolateral

margin, setiferous punctures obvious; medially with short longitudinal carina. Metatarsus with articles 1 to 4 margined exter-

nally. Paramere with numerous large adhesive setae along inner margin; aedeagus as in Figure 220.

Female with sternum 6 deeply emarginate posteromedially: sternum beaded inside emargination but bead disappearing

at lateral angles of emargination.

Taxonomic notes. — Fall (1927) doubted the specific validity of I. inversus Sharp. I examined

the male holotype and found the genitalia identical to those of Alberta specimens of I. pleuriticus.

I agree with Fall’s suggested synonymy.

Natural history notes. — The beetles are most commonly found in mixed forest areas of the

province in warm shallow water among emergent Carex on silt or clay bottom of beaver ponds,

borrow-pits, or roadside ditches. Teneral specimens were collected in July.

Distribution. - This species ranges from Newfoundland to the Yukon Territory (Watson L.

and Mile 627 Alaska Hwy., CARR!), and south to New York (Wallface Mt., UASMI). It is

known from the northern forested portions of Alberta. I examined 132 specimens from Alberta

localities (map. Fig. 440).

Ilybius angustior (Gyllenhal), 1 808

Dytiscus angustior Gyllenhal, 1808: 500. (Type locality - unknown to me.). - Sharp 1882: 555. - Horn 1883: 279. - Wick-

ham 1895b: 118. - Zimmermann 1919: 217. - Carr 1920: 4. - Leng 1920: 80. — FaU 1927b: 283. - Brown 1930: 237.

- Zimmermann 1935: 85. - WaUis 1939c: 193. - J. Balfour-Browne 1948: 160. - Hatch 1953: 229. - Zaitsev 1953:

280. - Anderson 1962: 70. - WalUs 1973: 108.

Colymbetes picipes Kirby, 1837: 17. (Type — (5 in BMNH labelled as follows: Type H.T.; N. Amer. 5777b; Colymbet. picipes

Kirby, N. Amer. 5777, Rev. W. Kirby). - LeConte 1850: 213. - Mannerheim 1853: 156. - Melsheimer 1853: 30. -

Gemminger and Harold 1868: 452. - LeConte 1857: 11. - LeConte 1862: 521. - LeConte 1863a: 17. - Crotch 1873:

411.

Diagnosis. - This small species is best recognized by dark color, infuscation of the apical

antennal articles, densely punctate metatibia, margined male metatarsal articles, and complexly

sculptured sternum 6.

Description - Measurements of 20 specimens from the vicinity of Manning, Alberta, are: TL - 8.40 to 9.44 mm (X = 8.96

± 0.30 mm); MW - 4.44 to 5.04 mm (X = 4.75 ± 0.17 mm); TL/MW - 1.82 to 1.93 (X = 1.89 ± 0.03); WC/WS - 2.10 to

2.47 (X = 2.24 ± 0.11).
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Body black. Head with frontal spots rufous; anterior margin of clypeus piceous to black; antenna rufous except at least

article 11 infuscate apically: palpi rufous except many specimens with terminal article of each palpus infuscate apically. Pro-

notum with lateral bead piceous to black. Elytron with medial sublateral and subapical pale spots, difficult to see on many

specimens without elytron lifted. Ventral surface piceous to black. Legs rufopiceous to piceous.

Elytron with meshes of microsculpture small and irregular, without tendency towards longitudinal stretching. Metatibia

with series of coarse setiferous punctures extended length of ventral face.

Male metacoxa with small medial carina; sternum 6 with posterolateral portion coarsely longitudinally rugose or striate,

with medial longitudinal carina; metatarsal articles 1 to 4 margined externally; parameres with elongate adhesive setae along

inner margin; aedeagus (Fig. 221) slender, simple.

Female sternum 6 shallowly emarginate, completely beaded lateral to emargination.

Taxonomic notes. — Adults of the Arctic species, I. churchillensis Wallis (1939c), closely

resemble those of the boreal /. angustior but differ in several characters Wallis (1939c) enum-

erated. In addition, the aedeagus of churchillensis males (Fig. 222) is more slender than that

of angustior males.

Natural history notes. - This species is generally uncommon in the prairie and mountain

regions, but in the parkland and boreal areas (including the Cypress Hills) of the province, it

is one of the most abundant dytiscids. Specimens were collected from Sphagnum bogs, Carex

marshes, borrow-pits, roadside ditches, beaver ponds and from amongst emergent vegetation

along margins of slow-flowing creeks. Teneral specimens were collected from May 17 to August

1, the majority during the first half of July. Overwintering may occur in a larval stage, but

hibernation of adults is certainly common, for numerous mature adults were collected early

in spring. I have seen two specimens recorded as being collected in a light trap (Ft. Garry,

Manitoba, July 26, 1954, UASM), and J. Carr collected a teneral female from a snowfield at

8000' (Tp. 35, Rge. 18 W 5) on July 19, 1973.

Distribution. — This Holarctic species ranges from the Scandinavian countries to Siberia,

and from Alaska to Newfoundland. The southern limits are unknown but, probably the species

is mainly in the cold temperate or boreal portions of the continent. I examined more than 1 ,400

specimens from Alberta localities (map. Fig. 441).

Ilybius quadrimaculatus Aube, 1838

Hybius quadrimaculatus Aube, 1838, 274. (Type locality - “Amerique septentrionale”.). - Mannerheim 1843: 220. -

Melsheimer 1853: 30. — LeConte 1857: 11. — LeConte 1862: 521. - LeConte 1863a: 17. - Gemminger and Harold 1868:

452. - Crotch 1873: 412. - Leng 1920: 80. - FaU 1926: 143. - Fall 1927b: 282. - Hatch 1938: 146. - Wallis 1939c:

197. - Hatch 1953: 229. - Leech and Chandler 1956: 321.

Diagnosis. — Dark color, sparsely punctate metatibia, margined metatarsal articles of the

male, and laterally flanged apex of the aedeagus adequately characterize this species.

Description. - Measurements of 10 specimens from southwestern Alberta and southeastern British Columbia are: TL -

10.24 to 11.04 mm (X = 10.70 ± 0.22 mm); MW - 5.36 to 6.00 mm (X = 5.67 ± 0.18 mm); TL/MW - 1.84 to 1.93 (X =

1.89 ± 0.03); WC/WS - 2.48 to 2.68 (X = 2.55 ± 0.07).

Body generally black with anterior margin of clypeus, labrum, frontal spots, narrow lateral margin of pronotum, and legs,

dark rufous; palpi rufous; antenna rufous except articles 5 to 1 1 infuscate apically (palest specimens with at least articles 10

and 11 obviously darkened). Elytron with elongate medial sublateral vitta and subapical spot: some specimens with elytron

faintly aeneous or cuprous.

Elytron with meshes of sculpture irregular in shape, not longitudinally stretched. Metatibia with ventral face basomediaUy

with small group of coarse setiferous punctures, otherwise only sparsely micropunctate.

Male metacoxa with low medial longitudinal keel; sternum 6 with short but markedly developed medial keel; laterally hind

margin longitudinally rugose; metatarsus articles 1 to 4 margined externally; aedeagus (Fig. 223) apex with strong lateral

flanges and spear-shaped in ventral view. Female with sternum 6 emarginate medially.

Taxonomic notes. — F. S. Carr (1920: 4) recorded this species from Alberta, probably in-

correctly so because his specimens came from the Edmonton area, and because specimens of

I. fraterculus (UASM) collected and determined by him were identified as I. quadrimaculatus.

Natural history notes. — I collected a few specimens from among emergent vegetation, usu-

ally Carex, on a black silt bottom along the margin of foothills or mountain beaver ponds.
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Distribution. — This species is exclusively western, known from northern California to Alas-

ka and east to western Alberta. I have seen Alberta specimens from only the extreme south-

western portion of the province. Specimens were collected from Revelstoke (CARR) and

McBride (UC), British Columbia, so possibly the species may be discovered farther north in

Alberta, especially in the Peace River drainage. I examined 4 specimens from Alberta localities

(map, Fig. 442).

Genus Coptotomus Say, 1834

Coptotomiis Say, 1834: 443. (from LeConte, 1859). (Type species - Coptotomus serripalpus Say, 1834, by monotypy.)

This small North American genus contains three or four species whose aggregate range in-

cludes most of the United States and southern Canada. The most distinctive feature of the

genus is the maxillary and labial palpi, in which the apical article of each palpus is somewhat

laterally compressed and notched distally.

Characteristics common to members of the genus are: Colymbetinae of small size; body elongate and narrowly oval. Dor-

sal surface variously maculate. Clypeal fovea present, limited to anterolateral angle. Antenna simple, slender. Terminal article

of each palpus emarginate apicaUy. Pronotum margined laterally. Prosternum markedly produced ventrally between procoxae,

medially in same plane with prosternal process, latter elongate and acute, received into V-shaped impression on anteromedial

portion of metasternum. Metacoxa very large, metacoxal lobes large, rounded, covering base of metatrochanter. Hind legs

without bifid setae; metatibia and metatarsal articles externally with natatorial setae; metatarsal articles with apical margins

strongly lobed; metatarsal claws subequal in length, posterior claw broader than anterior. Male with articles 1 to 3 of pro-

and mesotarsi narrowly dilated, articles 1 each with two, and articles 2 and 3 each with one transverse row of narrow elongate

scales on ventral surface. Male genitalia with paxameres symmetrical, about 0.5 length of aedeagus, lobate and bluntly rounded

apicaUy with only a few long pale setae at apex; aedeagus simple, lateral margins asymmetrically expanded, dorsal groove

asymmetrical. Stylus of ovipositor short, membranous and setose, not adapted for piercing or sawing.

The relationships among the few included species are poorly understood. Young (1954)

discusses the variation shown by Florida populations of C. interrogatus (F.) and suggests that

some of this variation may be ecotypic. Two species are reported from the northern portion

of the United States and adjacent Canada. These are C. interrogatus (F.), an eastern species,

and C. longulus LeConte, a species of the prairies and northwest. I have seen very few speci-

mens from eastern North America but I cannot constantly separate the two forms. However,

1 have followed other authors and assigned Alberta specimens to the species C. longulus LeConte.

The genus requires revision.

Coptotomus longulus LeConte, 1852

Coptotomus longulus LeConte, 1852: 205. (Type locality - Laramie, “Territorio Missouriensis” (Wyoming).). - Melsheimer

1853: 30. LeConte 1859: 36. - LeConte 1863a: 16. — Gemminger and Harold 1868: 446. - LaRivers 1951: 403. -

Hatch 1953: 231. - Leech and Chandler 1956: 321. — Anderson 1962: 71. — Gordon and Post 1965: 22.

Diagnosis. - See generic diagnosis and description.

Description. - Measurements of 20 specimens from Travers, Alberta, are: TL - 7.44 to 8.00 mm (X = 7.70 ± 0.17 mm);

MW - 3.68 to 3.92 mm (X = 3.79 ± 0.07 mm); TL/MW - 1.98 to 2.09 (X = 2.03 ± 0.03); WC/WS - 3.45 to 4.80 (X =

4.29 ± 0.31).

Head pale rufous except posterior margin behind and between eyes, black; antenna and palpi testaceous. Pronotum testa-

ceous to pale rufous except anterior and posterior margins piceous to black medially. Elytron with irregular lateral margin,

basal margin laterally, basal subsutural vitta, and on some specimens narrow vitta along each row of serial punctures, testaceous;

medial portion of disc dark piceous to black with numerous irregularly shaped testaceous spots. Ventral surface and legs,

rufous.

Dorsal surface finely and irregularly punctate: posterior margin of head and lateral portions of pronotum, irregularly rugose;

male with elytron smooth and shiny between punctures, microreticulation absent or highly reduced; female with elytral punc-

tures in short separate longitudinal grooves on basal 0.5 or 0.66 of disc, interspaces between grooves microreticulate.

Male with protarsal claws elongate and slender, subequal in length; each claw with very small tooth or at least suggestion

of tooth on medioventral margin. Aedeagus and paramere as in Figure 225.

Natural history notes. — This species is locally abundant in permanent prairie lakes, stock
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ponds, borrow-pits, roadside ditches, and in slow-flowing weedy creeks. Specimens are occasion-

ally found in temporary meltwater ponds but seldom in large numbers. Young (1960c) found

this species in a temporary pond in Indiana but concluded it is more typically a resident of

permanent ponds. The beetle does not occur in strongly saline ponds. Beyond the prairie area,

occasional specimens are found in warm open ponds north to Lesser Slave Lake. D. Donald

collected specimens from several subalpine and alpine lakes in Waterton National Park during

the latter portion of July and August. As specimens have not been found in these lakes early

in summer, and as none were teneral, it is likely that their presence was due to flight from

lower elevations. Teneral specimens were collected from August 8 to September 24.

Distribution. — Specimens of C longulus have been collected from Minnesota to British

Columbia and south to Utah and California. I examined more than 160 specimens from Al-

berta localities (map. Fig. 443).

Genus Rhantus Dejean, 1 833

Rhantus, emendation of Rantus Dejean, 1833; 54. (Type species - Dytiscus pulverosus Stephens 1828, designated by Hope,

1838.) (Opinion 289, Bull. Zool. Norn. 8(1954).)

Nartus Zaitzev, 1907: 103. (Type species - Dytiscus grapii Gyllenhal, by monotypy.)

Rantogiton DesGozis, 1911: 40. (Type species - Dytiscus grapii Gyllenhal, by monotypy.)

This large genus is represented in all major zoogeographical areas of the world as well as

on many oceanic islands. Six species occur in Alberta. Characters common to Alberta mem-
bers are:

Colymbetinae of moderate size. Color various, body black to mainly testaceous with distinct maculation. Body elongate-

oval in outline, dorsoventrally flattened. Head with clypeal foveae present but not prolonged along anterior margin; eye

emarginate above base of antenna; palpi with terminal article of each palpus entire, simple. Pronotum with lateral bead

clearly delimited or not; prosternal process narrow, bluntly pointed, received into V-shaped impression on anteromedial

portion of metasternum. Elytron with sculpture various, on most specimens of fine lines in form of small irregular meshes;

sculpture sexually dimorphic in some species. Metafemur without subapical comb; metatibia with bifid setae on dorsal face;

female without natatorial setae along posterior margin; metatarsal articles lobed apically, claws unequal. Male with articles

1 to 3 of pro- and meso tarsi slightly dilated; articles 1 each bearing two, and articles 2 and 3 each bearing one transverse

row of elongate, adhesive scales on ventral surface; pro- and meso tarsal claws variously modified. Male genitalia with para-

meres symmetrical, elongate but broad to apex, setose, some species with adhesive setae: aedeagus short, simple. Female with

ovipositor short, not strongly sclerotized, setose apically.

Although color and male and female secondary sexual characters generally provide good

characters for species recognition, certain species are poorly differentiated. For example, I

treated R. wallisi and R. suturellus as valid species but the characters used to separate the

two seem minor; hence I am not convinced that the interpretation presented here is correct.

The genus requires revision, with careful attention to intraspecific variation.

The species are widespread in shallow bodies of water in the province with the exception

of cold swiftly flowing streams and highly saline lakes. Certain species, R. frontalis, for example,

include strong fliers and are among the first dytiscids to’ colonize newly formed ponds. Of the

Alberta species, the larvae of R. binotatus (James, 1970), and R. frontalis (Watts, 1970) have

been described.

Key to the Alberta species of Rhantus Dejean

1 Disc of pronotum and elytron black R. sinuatus (LeConte), p. 379

F Disc of pronotum pale, with or without medial maculations; elytron testaceous,

irrorate with piceous spots 2

2(1’) Frons entirely black between eyes, without frontal spots: ventral surface rufous. . .

R. consimilis Motschoulsky, p. 380

2’ Frons between eyes with pair of pale spots (united or not medially in form of single

transverse mark); at least meso- and metathorax piceous or black 3
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3 (2’) Disc of pronotum immaculate medially 4

3’ Disc of pronotum medially maculate 5

4 (3) Pronotum with basomedial piceous marking truncate laterally, not or only narrowly

extended to lateral margin; male anterior protarsal claw 1.25 times or more as long

as protarsal article 5, anterior claw distinctly longer than posterior; female with baso-

lateral half of elytron on most specimens with coarse deeply impressed sculpture . .

R. wallisi Hatch, p. 380

4’ Basal piceous marking of pronotum broader, medial expansion of border less abrupt-

ly delimited laterally, and marking evenly narrowed toward posterolateral angle;

male anterior protarsal claw less than 1.25 times length of protarsal article 5; pro-

tarsal claws subequal in length; female elytron without coarse sculpture, or restricted

to medial sublateral portion of disc R. suturellus (Harris), p. 381

5(3’) Pronotal marks pair of medial piceous spots various in size

R. binotatus (Harris)^, p. 382

5’ Pronotum with single medial transverse mark and on some specimens an additional

piceous spot each side lateral to medial spot . . . . R. frontalis (Marsham), p. 383

Rhantus sinuatus (LeConte, 1862)

Colymbetes sinuatus LeConte, 1862: 522. (Type locality - “Dacotah”.). - LeConte 1863a: 17. - Crotch 1873: 410. -

Sharp 1882: 617. - Wickham 1895b: 122. - Blatchley 1910: 228. - Leng 1920: 80. - Zimmermann 1920: 206. -

Hatch 1928: 224. - Balfour-Browne 1950: 211. - Wallis 1973: 109.

Diagnosis. — This is the only species of Rhantus in the Alberta fauna to include black speci-

mens.

Description. - Values for measurements of nine Alberta specimens are: TL - 9.20 to 10.00 mm (X = 9.63 ± 0.28 mm);

MW - 4.56 to 5.12 mm (X =4.86 ± 0.15 mm);TL/MW - 1.92 to 2.02 (X = 1.98 ± 0.03);WC/WS - 3.38 to 3.93 (X =

3.70 ± 0.18).

Body black except following. Head with anterior margin of clypeus, piceous; labrum, palpi and antenna rufous. Lateral

margins of pronotum and elytron, rufous. Metacoxal process and apical margins of abdominal sterna, piceous. Legs dark

rufous.

Sculpture fine, meshes small and irregular in shape over dorsal surface of body; smaller and more or less granulate on

elytron. Sculpture similar on both sexes.

Clypeus with anterolateral fovea very close to anterior border. Pronotum with base deeply sinuate laterally, posterolateral

angle acute; lateral bead broad, discontinuous before anterior angle.

Male with anterior protarsal claw (Fig. 228) relatively short, moderately dilated; inner margin more or less straight; posterior

claw shorter than anterior, narrower and more evenly arcuate. Mesotarsus with anterior claw very broad, little arcuate; posterior

claw much shorter, strongly arcuate.

Taxonomic notes. - This, and the Old World R. graph (Gyllenhal, 1 808) were placed in the

subgenus Zaitzev. Together, they differ from the species of Rhantus s. str. in that the

base of the pronotum is strongly sinuate toward the lateral angles, dorsal surface of the body

is generally black, somewhat paler laterally, and the male protarsal characters are relatively

poorly developed. This combination of characters is distinctive enough to justify the retention

of Nartus as a subgenus.

These species are very similar to one another, and should be compared carefully to determine

their relative status because published descriptions and illustrations provide no distinguishing

characters. However, as I have not examined type specimens or authentic specimens of graph,

I have retained the name R. sinuatus for North American specimens.

Natural history notes. — The few specimens I collected were from small ponds among dense

5. R. gutticollis (Say) keys here. I have not seen Alberta specimens but see Taxonomic Notes

under 7?. binotatus.
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mats of emergent Carex, decaying Carex stalks, and duckweed, present in shallow water over

a bottom of soft black organic mud. Sphagnum was present in some of the sites. All sites were

in mixed forest.

Distribution. — This is incompletely known. The species has been recorded previously from

Maine and New York to Minnesota. It is probably widespread in the boreal portions of the

continent. I examined 21 specimens from Alberta localities (map, Fig. 444).

Rhantus consimilis Motschoulsky, 1859

Rhantus consimilis Motschoulsky, 1859: 168. (Type locality - San Francisco, California.) - LeConte 1863a: 17. - Crotch

1873: 410. - Sharp 1882: 823. - Leng 1920: 80. - Hatch 1928: 224. - Hatch 1953: 233. - Leech and Chandler 1956:

321. - Gordon and Post 1965: 22.

Colymbetes tostus LeConte, 1866: 366. (Type locality - Missouri.). - Crotch 1873: 410. - Sharp 1882: 620. — Wickham

1895b: 122. - Leng 1920: 80. - Leech and Chandler 1956: 321. - Wallis 1973: 109.

Rhantus discedens Sharp, 1882: 615. (Type locality - California.). - Leng, 1920: 80. - Hatch 1928: 224.

Diagnosis. — Combination of lack of pale frontal spots on frons, pale pronotal disc, and

rufous ventral surface of the body, allows this species to be identified readily.

Description. - Measurements of 20 specimens from southern Alberta, are: TL - 9.20 to 9.84 mm (X = 9.48 ±.0.17 mm);

MW - 4.88 to 5.32 mm (X = 5.01 ± 0.1 1 mm); TL/MW - 1.84 to 1.95 (X = 1.89 ± 0.03);WC/WS - 3.67 to 4.42 (X =

3.93 ± 0.18).

Head with labrum, clypeus and anterior margin of frons, testaceous to rufous; frons black, without pale frontal spots

between eyes; antenna rufous with articles 3 or 4 to 11 infuscate apically. Pronotum rufous, immaculate, or some specimens

with diffuse anteromedial and posteromedial clouds and rarely with single, small, piceous, medial spot. Elytron testaceous,

irrorate with black; impressed lines on female largely black. Ventral surface rufous; metacoxal process and abdominal sterna

mediolateraUy, darker rufous on some specimens. Legs rufous.

Elytron of male with sculpture of irregular, elongate meshes, latter irregular in shape toward apex, not evidently longitud-

inally stretched and very finely microreticulate. Female with basic elytral sculpture similar but basal 0.66 to 0.75 of disc

with coarse, longitudinal lines.

Male articles 1 to 3 of protarsus with oval scales on ventral surface; scales slightly longer than wide: protarsal claws slender

and elongate (Fig. 229).

Taxonomic notes. — Specimens from California are characterized by the piceous metasternum

and metacoxae, and median black spot on the pronotal disc. Specimens from the northwestern

United States and adjacent Canada are entirely pale ventrally and most specimens lack the

medial spot on the pronotum. These two color forms intergrade in northern California (Hatch,

1953: J. Zimmerman, 1973, in litt.). The name/^. tostus (LeConte) applies to the pale north-

ern form, which occurs in Alberta.

Natural history notes. — This species is primarily in the prairie and parkland regions of

Alberta. The beetles are in warm, weedy ponds which may be either temporary or permanent.

Teneral specimens were collected throughout August.

Distribution. — The species consimilis has a wide range, and is recorded from New England

to British Columbia, and south to California. I examined more than 230 specimens from Alberta

localities (map. Fig. 445).

Rhantus wallisi Hatch, 1953

Rhantus wallisi Hatch, 1953: 233. (New name for R. suturellus Wallis, not Harris.). - Wallis, 1973: 109.

Rhantus suturellus't^siths, 1933b: 274-276. Not Harris, 1828.

Diagnosis. - Specimens of R. wallisi are recognized on pronotal color: rufous with basal

and apical borders piceous to black. Extent of the black maculations is not as great as that on

the pronotum of the very similar following species, R. suturellus Harris.

Description. - Measurements of 20 specimens from the Water Valley-Sundre area, Alberta, are: TL - 9.36 to 10.16 mm
(X = 9.85 ± 0.19 mm); MW - 5.04 to 5.52 mm (X = 5.34 ± 0.12 mm); TL/MW - 1.79 to 1.91 (X = 1.85 ± 0.03);WC/WS

- 3.25 to 4.00 (X = 3.59 ± 0.19).
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Head testaceous to rufous; frons, except for broad anterior margin and pair of frontal spots, black; antenna testaceous,

articles 3 or 4 to 11 infuscate apically; palpi testaceous, terminal article of each palpus infuscate apically. Pronotum rufous:

anterior margin along emargination, narrowly piceous to black; posterior margin narrowly black along entire length, black

area more or less expanded along medial half. Scutellum black. Elytron testaceous, irrorate with black spots, spots larger

and more or less contiguous toward apex; epipleuron testaceous. Proepisternum and prosternum and its process, pale rufous,

or apex of prosternal process infuscate on some specimens; remainder of ventral surface of body black with metacoxal process,

rufous. Legs rufous with hind legs more or less darkened.

Elytron with small meshes of very irregular shape; lines of sculpture deeply impressed; punctures at many intersections

obscured; meshes smooth or finely micropunctate basally, with well developed secondary sculpture toward apex. Female with

elytron on basolateral half with lines of sculpture deeply impressed, meshes coarse and convex; coarsely sculptured area

longitudinally interrupted by several areas of normal sculpture.

Male anterior protarsal claw (Fig. 230) 1.26 to 1.43 times as long as protarsal article 5; anterior claw distinctly longer

than posterior claw, broader and more or less inflated along ventral margin near base, ventral margin slightly sinuate. Aedeagus

and paramere as in Figure 227.

Taxonomic notes. - The species 7^. wallisi and R. suturellus are very similar to one another

in both morphological features and geographical distribution. However, differences in pronotal

maculation, shape of the male protarsal claws, and the development of the roughened elytral

sculpture on the female, although slight, appear constant. Also, although the Alberta distribu-

tion of the two is similar, there are both habitat and distributional differences. For these reasons,

R. wallisi and R. suturellus are considered valid species. I have not examined type material and

have followed Hatch (1953) in the application of names.

Natural history notes. - This species occurs in shallow warm ponds in the parkland and for-

ested portions of the province with occasional specimens in ponds on rough fescue prairie.

Teneral specimens were collected from July 20 to August 12.

Distribution. — Because of confusion surrounding this and the following species in both

identification and nomenclature, literature references cannot confidently be used to determine

the ranges of these species. Both probably have wide ranges in the boreal portions of North

America. I examined specimens of R. wallisi from Saskatchewan and Northwest Territories

(Simpson Islands, Great Slave L.) and 360 specimens from Alberta localities (map. Fig. 446).

Rliantus suturellus (Harris, 1828)

Colymbetes suturellus Harris, 1828: 164. (Type locality - not given by author.) Not Wallis, 1933. - Zimmermann 1919: 220.

- Feng 1920: 80. - Blackwelder 1939: 17. - Hatch 1953: 233. - Zaitsev 1953: 290. - Wallis 1973: 109.

Rliantus bistriatus auct. not Bergstrasser, 1778: 42. - Gemminger and Harold 1868: 448. - Crotch 1873: 409. - Sharp 1882:

619. - Wickham 1895b: 122. - Blatchley 1910: 228. - F. Carr 1920: 4. - Hatch 1928: 223. - F. Balfour-Browne 1950:

235.

Agabus subopacus Mannerheim 1853: 157. (Type locality - “insula Kadjak”.). - Wallis 1933b: 275.

Rliantus zirnmermanni Wallis, 1933b:274. (Type locality - Winnipeg, Manitoba.). - Gordon and Post 1965: 22.

Diagnosis. — This species is very similar to R. wallisi from which it is best separated by char-

acters given in the following description.

Description. - Measurements of 20 specimens from various Alberta localities are: TL - 9.44 to 10. 48 mm (X = 9.87 ±

0.22 mm); MW - 5.12 to 5.52 mm (X =5.32 ± 0.13 mm); TL/MW - 1.81 to 1.94 (X = 1.85 ± 0.04);WC/WS - 2.83 to

3.25 (X = 3.01 ± 0.13).

Very similar in color and structure to R. wallisi, differing primarily in following characters: pronotum with mark along

posterior margin broader, expanded medial area not abruptly limited anterolaterally but sloped gradually toward hind angle;

female with sculpture of elytron similar to that of male, or areas of coarser sculpture in form of one to several longitudinal

bands on mediolateral portion of disc not extended medially beyond middle; metasternum relatively broad (see above ratio);

male with anterior protarsal claw (Fig. 231) short, 1.07 to 1.21 (X = 1.15 ± 0.04) times as long as protarsal article 5, pro-

tarsal claws subequal in length, posterior slightly narrower than anterior, anterior claw more or less equal in width throughout

middle portion of length; aedeagus and paramere (Fig. 226) similar to that of R. wallisi.

Taxonomic notes. — (see under R. wallisi). F. S. Carr’s (1920: 4) record for bistriatus (Berg-

strasser) refers to this species (based on specimens in UASM). F. Balfour-Browne (1950) con-

siders R. suturellus conspecific with R. bistriatus but most recent authors have considered the

two distinct.
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Natural history notes. - This species ranges throughout the forested areas of the province

with the apparent exception of the Cypress Hills. It is not as common in the parkland regions

as is 7^. wallisi. Although found with R. wallisi occasionally, this species is the one most fre-

quently collected in cold-water ponds heavily shaded by trees or dense stands of Carex. The

species is found often in association with Sphagnum although not a typical inhabitant of

Sphagnum bogs. Teneral specimens have been collected during the last week of August and

September, and also in April and the first half of May. The species probably overwinters as

immature adults.

Distribution. — Wallis (1933) recorded this species, under the name R. zimmermanni, from

Quebec to southeastern British Columbia. The northern and southern limits are not known.

I examined more than 1 15 specimens from Alberta localities (map. Fig. 447).

Rhantus binotatus {W?in\s,, 1828)

Colymbetes binotatus Harris, 1828; 164. (Type locality - not stated by author.). - LeConte 1850; 213. - Melsheimer 1853;

30. — LeConte 1858; 30. - LeConte 1859; 36. - LeConte 1862; 523. - LeConte 1863a; 17. — Gemminger and Harold

1868; 448. - Crotch 1873; 409. - Sharp 1882; 614. - Wickham 1895b; 122. - Blatchley 1910; 228. - Zimmermann
1919; 222. - Leng 1920; 80. - Zimmermann 1920; 206. - Hatch 1928; 223. — Brown 1930b; 237. - Wallis 1933b;

272. - Blackwelder 1939; 17. - Hatch 1953; 232. - Leech and Chandler 1956; 322. - Anderson 1962; 72. - Gordon

and Post 1965; 22. - Wallis 1973; 109.

Colymbetes assimilis Kirby, 1837; 72. (Type - male in BMNH labelled as follows; Type. N. Scotia, 9 5778a; Colymb. as-

similis Kirby, N. Amer. 5778, Rev. Wm. Kirby.). - Horn 1883; 282.

Colymbetes maculicollis Aube, 1838; 248. (Type locality - “Mexique”.)

Colymbetes divisus Aube, 1838; 248, (Type locality - “Amerique septentrionale”.). - Mannerheim 1843; 219. - Melsheimer

1853; 30. - LeConte 1862; 523. - LeConte 1863a; 17. - Gemminger and Harold 1868; 448. - Crotch 1873; 409. -

Sharp 1882; 612. - Hatch 1928; 223.

Rhantus flavogriseus Crotch, 1873; 409. (Type locality - not stated by author.). - Horn 1883; 279. - Hatch 1928; 223.

Rhantus plebeius Sharp, 1882; 613. (Type - male in BMNH labelled as follows; Hermit Lake 6 882; Type 882; Typ; Hermit

Lake; N. America; Sharp Coll. 19QS-2>12>\ Rhantus plebeius n. sp. Am. bor.; 54.). - Horn 1883; 279. - Zimmermann 1919;

221.

Rhantus obscurus Sharp, 1882; 613. (Type locahty - California.). - Horn 1883; 279.

Rhantus longipes Sharp, 1882; 613. (Type areas - “Russian America; British Columbia”.)

Rhantus immaculatus Hatch, 1928; 223. (Type locahty - Kodiak, Alaska.)

Rhantus aequalis Hatch, 1951; 122. (Type locality - Seattle, Washington.) New synonymy.

Diagnosis. — The pronotal disc with a pair of medial spots separated from each other by a

pale medial line, is usually sufficient to permit recognition of specimens of this species in the

Alberta fauna.

Deseription. - Measurements of 20 specimens from the vicinity of Calgary, Alberta, are; TL - 9.84 to 10.96 mm (X =

10.36 ± 0.25 mm); MW - 4.96 to 5.68 mm (X = 5.33 ± 0.16 mm); TL/MW - 1.87 to 2.00 (X = 1.95 ± 0.03); WC/WS -

2.44 to 3.12 (X = 2.79 ± 0.15).

Head with labrum, clypeus, anterior and anteromedial portion of frons, and two spots on frons between eyes (on many

specimens spots fused to form a single transverse bar), testaceous; remainder of frons and ventral surface of head, with ex-

ception of lateral lobes of mentum, piceous to black; antennal articles 1 to 2, or 1 to 3 testaceous, remaining articles infuscate;

palpi pale with terminal article of each palpus infuscate apically. Pronotum testaceous except pair of piceous spots medially

on disc and basal margin slightly darkened medially; spots of various size and shape but constantly separated from one another

by pale area along midhne of pronotum. Elytron testaceous with disc densely irrorate with piceous spots; area around each

group of serial punctures darkened, hence elytron with several longitudinal rows of larger spots; many specimens with diffuse

subapical spot on each elytron. Ventral surface mainly black except prosternum and proepisternum rufotestaceous, metacoxal

process rufous, abdominal sterna black with at least lateral and on many specimens also apical margins, testaceous, or some

specimens with abdomen almost entirely testaceous to rufous. Legs mainly rufotestaceous.

Elytron of male with small very irregularly shaped meshes. Female elytron basally with three longitudinal fields of coarsely

impressed sculpture on basic sculpture; each field of coarser sculpture centered along line of serial punctures and on most

specimens limited by narrow areas of relatively smooth sculpture.

Pronotum with base shghtly sinuate toward lateral margin; lateral bead moderate, continuous to front angles. Metasternal

wings relatively broad. Male with protarsal claws (Fig. 232) relatively short; protarsal article 5 with two separate longitudinal

rows of setae on ventral surface; anterior mesotarsal claw about twice as long as smaller highly arcuate posterior claw.

Taxonomic notes. — This species is highly varied in size, shape (outline of body), shape and
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extent of maculation of the pronotum, extent of maculation of elytra, color of abdomen,

and degree of development of coarse elytral sculpture of the female. I have not examined

sufficient North American material to determine if there is a geographical pattern to this

variation.

I examined the type specimens of R. assimilis (Kirby) and R. plebeius Sharp and found

them to be identical to Alberta specimens of R. binotatus. On the basis of the original descrip-

tion, I regard R. aequalis Hatch as a synonym of R. binotatus and this synonymy has been

confirmed by Zimmerman (1973, in litt.).

J. Zimmerman (1973, in litt.) informed me that he examined specimens of Rhantus gutticol-

lis (Say) from Alberta. This species closely resembles/^, binotatus but the males can be recog-

nized by their short, distinctly arcuate, anterior protarsal claw. I have not seen specimens of

gutticollis from the province.

Natural history notes. — This species is rather erratic in occurrence; therefore, it is difficult

to specify its usual habitat. Many specimens have been collected from flowing water or from

pools connected to, or adjacent to, flowing water such as beaver ponds and oxbow ponds. In

this form of habitat, the beetles are usually taken from among clean emergent vegetation, that

is areas free of large amounts of decaying vegetation, and shelter is provided primarily by living

plants. Also, specimens have been taken from springs, some quite cold, in the mountains, es-

pecially among stands of Juncus or Carex. Smith (1973) also records this species from streams

and clear, cool water.

Teneral specimens have been collected from July 8 to August 9. A single male specimen has

been collected in flight (12:00 a.m., July 7, Edson).

Distribution. - The range of this species extends from the Maritime Provinces to British

Columbia, south in the western portion of the continent to Mexico and north as far as the MacKenzie

Delta, N.W.T. (Aklavik, UASM). The species probably occurs throughout the province but tends

to be rather local in occurrence. I examined more than 1 80 specimens from Alberta localities

(map. Fig. 448).

Rhantus frontalis 1802)

Dytiscus frontalis Marsham, 1802: 425. (Type locality - not stated by author.). - J. Balfour-Browne 1944: 354. - Hatch

1953: 232. - Anderson 1962: 72.

Dytiscus notatus Fabricius, 1781: 296. (Type locality - not stated by author.) Not Bergstrasser, 1778. - Gemminger and

Harold 1868: 449. - Crotch 1873: 410. - Sharp 1882: 618. - Zimmermann 1919: 220. - Carr 1920: 4. - Leng 1920:

80. — Hatch 1928: 223. — Hatch 1933b: 11. - F. Balfour-Browne 1950: 232. - Zaitsev 1953: 289. — Gordon and Post

1965: 22. - Wallis 1973: 109.

Rhantus sericans Sharp, 1882: 619. (Type — male in BMNH labelled as follows — c5
;
Type 895, TYPE; N. America; Sharp

Coll. 1905-313;/?. sericans n. sp., Brit. Col.).

Diagnosis. — Maculation of the pronotal disc is a median transverse piceous bar with, on

many specimens, a less distinct spot on each side lateral to the medial bar, and is characteristic

of this species.

Description. - Measurements of 20 specimens from Lethbridge, Alberta, are: TL - 8.64 to 10.16 mm (X = 9.57 ± 0.34

mm); MW - 4.32 to 5.28 mm (X = 4.97 ± 0.19 mm); TL/MW - 1.84 to 2.00 (X = 1.92 ± 0.04); WC/WS - 3.24 to 3.80

(X = 3.51 ± 0.15).

Frons except for anterior and medial areas, and a pair of frontal spots (often confluent medially and forming a single

transverse bar), black; rest of head testaceous; antenna testaceous except articles 4 to 11 infuscate apicaUy: palpi testaceous

except terminal article of each palpus infuscate apicaUy. Pronotum pale with anterior and posterior margins narrowly piceous

near middle; disc with single medial transverse spot and on many specimens additional more or less diffuse piceous spot on

each side lateral to medial spot. Elytron testaceous; disc irrorate with piceous spots, spots larger and more or less confluent

towards apex; most specimens with three narrow longitudinal pale stripes each following row of serial punctures, and short

diagonal stripe more or less parallel to scuteUar margin. Ventral surface with prosternum and anterior two-thirds of proepisternum,

testaceous; proepisternum, proepimeron and sclerites of meso- and metathorax, black; metacoxal process rufous. Male abdomen

rufopiceous to piceous except some specimens with posterior margin of each sternum, testaceous. Female with sterna testaceous
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except sterna 2 to 5 each with piceous basolateral spot on each side.

Male with lines of sculpture well developed in form of very irregular meshes; somewhat longitudinal basally, more ir-

regular apically; interspaces finely granulate with secondary sculpture. Female sculpture like that of male but elytron baso-

medially with at least few deep longitudinal impressions or grooves; most specimens with numerous deep grooves more or

less confluent on many specimens.

Pionotum with base only slightly sinuate laterally; posterolateral angle obtuse; lateral bead discontinuous before antero-

lateral angle. Male protarsal claws as in Figure 233. Mesotarsus with anterior claw slender, shallowly and evenly arcuate;

posterior claw about 0.5 length of anterior, with apex strongly arcuate.

Taxonomic notes. — This species is known as 7?. notatus (auctorum). However, J. Balfour-

Browne (1944) discovered that Dytiscus notatus F. is a primary junior homonym of Dytiscus

notatus Bergstrasser and hence must be suppressed. The first available name for this species

is R. frontalis (Marsham).

Natural history notes. — This is one of the most frequently collected species of dytiscid in

the Alberta fauna, occurring in a variety of habitats, from temporary ponds to lakes and slow

warm streams. It tolerates distinctly saline water, but not as saline as those occupied by halo-

biontic members of Hygrotus. I have numerous records of daytime flight from April to June.

At this time, the species may be found in almost any pond. It is a colonizing species and is one

of the first dytiscids into newly formed ponds and is frequently present before aquatic vege-

tation is established. The insect occurs in both temporary and permanent ponds, but primarily

in those exposed and warm situations where the water is not densely choked with decaying

or emergent vegetation.

Distribution. — This Holarctic species is confined to the northwestern portion of North Am-
erica, from Kansas and Manitoba to Utah and Alaska. The species occurs throughout Alberta,

and I examined 596 specimens from this province (map. Fig. 449).

G^nus Neoscutopterus J. Balfour-Browne, 1943

Neoscutopterus J. Balfour-Browne, 1943; 172. (New name for Scutopterus Sharp. Type species - Agabus angustus LeConte,

1850, by original designation.)

Meladema LeConte, 1862: 522. Not Laporte, 1834.

Scutopterus Sharp, 1882: 606. Not Aube, 1836.

Pseudoscutopterus Hatch, 1953: 230. (Type species - Agabus angustus LeConte, 1850, by monotypy.)

This endemic North American genus contains two large, robust, black species, characterized as follows: Colymbetinae;

pronotum without lateral bead; prosternal process well developed, bluntly pointed apically and received by shallow V-shaped

impression on anteromedial margin of metasternum; epipleuron of elytron visible to humeral angle in lateral view; sculpture

of elytron of large, coarse somewhat rounded meshes; metatarsal claws unequal; pleural striae on abdominal segment 1 not

well developed; male protarsal articles 1 to 3 broadly dilated, with round scales beneath; aedeagus long and slender, with

apex twisted to right; parameres slender, strongly sclerotized, setose apically; female ovipositor short, blunt, setose and not

modified for piercing.

The isolated position of the two included species has long been recognized. However, they

do show affinities to Rhantus and Colymbetes and have been placed close to these genera by

all authors.

These beetles occur in the cold waters of swamps and bogs, usually associated with Sphagnum

moss. The larva has not been described.

Key to the Species of Neoscutopterus Balfour-Browne

1 Pronotum with lateral margin more or less straight or evenly and gently arcuate in

side view (Fig. 236); antenna and palpi entirely rufous or at most only vaguely dark-

er apically; abdomen with sternum 2 more or less rufous mediolaterally

. N. hornii (Crotch), p. 385

r Pronotum with lateral margin strongly deflected downward near hind angle (Fig.

237); antenna, beginning with article 3 or 4, infuscate; palpi with terminal two articles

of each palpus infuscate; abdomen entirely dark piceous to black, without rufous
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spots N. angiistus (LeConte), p. 385

Neoscutopterus hornii (Crotch, 1873)

Scutopteriis hornii Crotch, 1873: 405. (Type locality - “Canada”.). ~ Sharp 1882: 606. - Wickham 1895b: 122. - Zim-

mermann 1919: 224. - Leng 1920: 80. - Wallis 1973: 109.

Colymbetes (Scutopterus) coriaceus Horn, 1871: 330. Not Laporte, 1835.

Diagnosis. — (Fig. 7). Specimens of A^. hornii and N. angiistus are separated on the basis of

the characters presented in the key, and in the diagnosis for R. angiistus.

Description. - Large, robust, dorsally convex. Measurements of 20 specimens from various Alberta localities are: TL —

13.76 to 16.64 mm (X = 15.46 ± 0.60 mm); MW - 7.04 to 8.32 mm (X = 7.80 ± 0.26 mm); TL/MW - 1.94 to 2.04 (X -

1.98 ± 0.03); WC/WS - 3.68 to 4.37 (X = 4.06 ± 0.25).

Color generally black. Head with small V-shaped area on frons between eyes, rufous; labrum and anterolateral portions

of clypeus, rufous; antenna and palpi entirely rufous or, at most, antenna with outer articles very slightly darkened. Pronotum

and elytron with lateral margins obscurely piceous; anterolateral angle of pronotum rufous. Ventral surface dark piceous to

black except prosternum medially, and mediolateral portions of abdominal sterna 2 and 3, rufous to rufopiceous; sterna 4

to 6 also paler laterally but pale areas reduced.

Elytron with very coarse reticulate sculpture similar in both sexes: meshes large, irregular in size but somewhat rounded

or very irregularly hexagonal in shape; meshes with variously effaced secondary sculpture.

Pronotum convex, side more or less evenly arcuate laterally or straight before right or acute angled posterolateral

angle; base of pronotum more or less straight medially, prolonged posteriorly at lateral angle; lateral margin in side view, more

or less straight or very slightly arcuate, not strongly deflected downward anterior to posterolateral angle (Fig. 236).

Male protibia (Fig. 234) broadly expanded distally, with inner basal emargination. Articles 1 to 4 of protarsus relatively

widely dilated, together with four transverse rows of round or oval, short stalked scales beneath; protarsal claws little modi-

fied, slightly broader than on female. Aedeagus and paramere as in Figure 239.

Natural history notes. — The beetles are usually found in small cold pools in moss mats of

Sphagnum or among emergent Carex or detritus along the edge of a Sphagnum carpet. Mature

adults overwinter and have been taken as early in spring as free water has been found in Sphag-

num bogs. Teneral specimens have been taken from July 10 to August 8 and specimens have

been found in copulation on July 10. Possibly some larvae overwinter. No records of flight

are available.

Distribution. - The species occurs from Manitoba to Alaska (Circle; Nome; Mi. 1304, Alaska

Hwy.; UASM) and has been collected throughout the northern forested portions of Alberta,

south to the Bow River drainage. I examined more than 90 specimens from Alberta localities

(map. Fig. 450).

Neoscutopterus angiistus (LeConte, 1850)

Agabus angustus LeConte, 1850: 213. (Type locality - not given, probably vicinity of Lake Superior.). - Melsheimer 1853:

30. - LeConte 1862: 522. - LeConte 1863a: 17. - Gemminger and Harold 1868: 447. - Crotch 1873: 404. - Sharp

1882: 606. - Wickham 1895b: 122. - Leng 1920: 80. - Blackwelder 1948: 4. - Hatch 1953: 230. - Malcolm 1971:

28. - Wallis 1973: 109.

Diagnosis. — In addition to key characters, this species is best separated from N. hornii by

smaller size and more slender and flattened shape, broader metasternal wing and lack of rufous

spots on the abdomen.

Description. — Measurements of 6 specimens from the Junction of the Forestry Trunk Road and James River, Alberta,

are: TL - 14.24 to 15.36 mm (X = 14.82 ± 0.41 mm); MW - 6.56 to 7.20 mm (X - 6.96 ± 0.24 mm); TL/MW - 2.09 to

2.19 (X = 2.13 ± 0.04); WC/WS - 2.72 to 3.04 (X = 2.96 ± 0.12).

Similar in color to hornii but differing as follows: antenna with only articles 1 and 2 entirely testaceous or rufous, articles

3 to 11 infuscate and usually piceous, at least medially: palpi infuscate, outer articles of each palpus piceous: ventral surface

of body dark piceous or black, abdomirud sterna without mediolateral rufous or rufopiceous areas.

Sculpture of elytron coarse, lines deeply impressed; meshes large and very irregular in shape; secondary sculpture very

fine.

Pronotum with lateral margin, in side view deflected downward near posterolateral angle (Fig. 237).

Male inner basal emargination of protibia shallow; tibia less strongly expanded distally than in N. hornii (Fig. 235). Male
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genitalia as in Figure 240.

Natural history notes. - I collected specimens of this species in a beaver pond on the upper

reaches of the James River, on May 17 among emergent Carex in 6 to 18 inches of water.

The specimens were slightly teneral but had probably overwintered as adults. Specimens of

N. hornii were also taken, but from shallower water and in a mat of Sphagnum.

Distribution. — The species has been recorded from Maine to southeastern British Columbia.

I examined seven Alberta specimens (map. Fig. 451).

Genus Clairville, 1806

Colymbetes Clairville, 1806; 188. (Type species — the Vdl^aiciic Dytiscus striatus L., designated by Curtis, 1828.)

Cymatopterus Boisduval and Lacordaire, 1835: 308. (Type species - the Palearctic Dytiscus fuscus Fab., by monotypy.)

This genus includes moderately large, elongate specimens characterized by unique elytral

sculpture of closely spaced, parallel, transverse grooves. In addition to characteristics of Colym-

betinae, characters common to Alberta members of the genus are:

TL - 14.5 to 20.0 mm. Body elongate-oval, somewhat depressed. Color various, elytron pale except transverse grooves

black. Clypeus with small fovea on each side near anterior margin. Palpi slender, terminal article of each palpus entire. Pro-

notum without lateral bead. Prosternal process rounded and broadly convex medially; apex short and blunt, somewhat de-

flected upward behind procoxae. Metasternum not or only slightly incised, weakly flattened anteromedially. Elytral disc

with numerous transverse grooves; interspaces with variously developed microreticulation. Sternum 2 posterolateral margin

with series of short longitudinal ridges (= file of stridulatory organ (Larson and Pritchard, 1974)). Metafemur without linear

arrangement of setae near posteroapical angle: metatarsal articles lobed apically; metatarsal claws unequal. Male articles 1 to

3 of pro- and mesotarsi dilated, ventral surface with adhesive hairs, rounded scales, or combination of both. Male genitalia

with parameres symmetrical, broad basally and abruptly narrowed medially as long sparsely setose apical stylus; aedeagus

long and slender, apex somewhat thickened and on some specimens produced into small hook. Female with apex of ovipositor

short and broad, membranous with short setae.

The Albertan species have been assigned to two subgenera: Cymatopterus, tarsi ventrally

without adhesive scales; and Colymbetes s. str., males with at least some adhesive scales. How-

ever, males of the species C exaratus lack scales from the ventral surface of tarsal article 1

while articles 2 and 3 have scales. Because this species is intermediate in the character separating

the two subgenera and because of the lack of other morphological features substantiating this

subgeneric separation. I choose not to recognize it.

The members of this genus are characteristic pond inhabitants, and one or more species may

be found in the zone of emergent vegetation of almost every pond and slow weedy creek. Two

species, C. longulus and C. seminiger are mainly restricted to the cold water of Carex marshes

or Sphagnum bogs. Only one species, C. sculptilis, is regularly found in temporary or slightly

saline ponds but as the members of this species are strong, active fliers, their presence in many

situations is no doubt due to dispersal from some other source. All species apparently over-

winter as adults. The larva of one Albertan species, sculptilis, has been described (James, 1970;

Watts, 1970).

This Holarctic genus contains about 20 species (Zimmermann, 1920) of which seven or eight

are North American. The four species known to occur in Alberta are recognized by characters

presented in the following key to species.

Key to the Alberta Species of Colymbetes Clairville

1 Legs piceous to black; male protarsus ventrally with adhesive hairs on articles 1 to

3, without scales 2

1
’ Legs generally rufous, femur infuscate or piceous medially on some specimens; male pro-

tarsus ventrally either with scales alone or scales and adhesive hair 3

2(1) Pronotal sculpture broad irregular meshes with little or no tendency toward trans-

verse arrangement; pronotum generally black with side margin and on many specimens
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also small mediolateral area on disc, rufous; apex of aedeagus (Fig. 241) with acute

ventral hook C longulus LeConte, p. 387

2’ Pronotum sculpture narrow irregular meshes markedly transverse on anterolateral

portion of disc; pronotum dark rufous except transverse black discal spot; apex of

aedeagus somewhat thickened but without acute hook (Fig. 242)

C. seminiger LeConte, p. 388

3(1) Head broad (Fig. 238), frons produced in front of eye and over base of antenna;

femora medially and ventrally, piceous; male protarsus with adhesive hairs in addition

to larger scales C. exaratiis LeConte, p. 388

3’ Frons not inflated in front of eye, lateral margins of head straight and uniformly

convergent from front of eye to base of clypeus; femora color various, testaceous

to rufous or on some specimens infuscate medially; male protarsus with scales only

C. sculptilis Harris, p. 389

Colymbetes longulus LeConte, 1862

Colymbetes longulus LeConte, 1862: 522. (Type areas - “Lake Superior and Methy” (Methy Lake, Saskatchewan?).). -

LeConte 1863a: 17. - Gemminger and Harold 1868: 447. - Crotch 1873: 406. - Sharp 1882: 625. - Wickham 1895b:

122. - Leng 1920: 80. - Zimmermann 1920: 212. - Hatch 1928: 225. - Hatch 1953: 234. - Wallis 1973: 109.

Colymbetes paykulli auctorum, not Erichson 1837: 149. - J. Balfour-Browne 1948: 160, 164. - Zaitsev 1953: 297.

Diagnosis. — This and the following species, C seminiger, both have dark legs and males

possess adhesive hairs on the ventral surfaces of protarsal articles 1 to 3. Specimens of C. longu-

lus differ from those of C. seminiger by lacking the stretched meshes of sculpture from the

pronotum; and the apex of the aedeagus is acutely hooked.

Description. - Measurements of 20 specimens from Winchell Coulee, near Water Valley, Alberta, are: TL - 16.96 to

18.56 mm (X = 18.02 ± 0.39 mm); MW - 8.16 to 9.12 mm (X = 8.57 ± 0.23 mm); TL/MW - 2.02 to 2.19 (X = 2.10 ±

0.04).

Head black except two spots on frons between eyes, labrum, and anterior and lateral margins of clypeus, rufous: antenna

piceous with articles 1 and 2 and bases of outer articles, paler: palpi piceous, each article paler basaUy. Pronotum black except

lateral margins and partial transverse band or mediolateral spot, rufous. Elytron brown except transverse grooves and epipleuron

black. Ventral surface including legs, dark piceous to black.

Pronotum with meshes of sculpture irregular but on some specimens with shght tendency to transverse arrangement on

anteromedial portion of disc and longitudinal arrangement on basolateral portions of disc. Male secondary sculpture of head

and pronotum more or less effaced medially, better developed laterally; female secondary sculpture stronger; elytron with

secondary sculpture on both sexes.

Head evenly narrowed from anterior margin of eye to base of labrum., not expanded or angulate above antennal socket.

Pronotum varied in shape, evenly rounded laterally on some specimens or on others with distinct sinuation near anterolateral

angle.

Male articles 1 to 3 of pro- and mesotarsi dilated with dense vestiture of adhesive setae on ventral surface, without scales;

anterior protarsal claw broad, evenly arcuate and only slightly notched ventrally at base, apex acute. Aedeagus as in Figure

241: apex moderately produced, with well defined hook.

Taxonomie notes. — This species and the Palaearctic C. paykulli may be conspecific, but

this has not been established.

Alberta specimens do not show any pronounced pattern of geographical variation although

specimens from the northern part of the province tend to be slightly darker in color.

Natural history notes. — This species is in the forested portions of the province, most com-

monly in cold Sphagnum bogs or shallow water of marshes shaded by Salix, where emergent

species of Carex as well as Sphagnum form dense mats. A female specimen was captured in

flight at 1 1:30 a.m. on June 7, 1970 (Rich Lake, Alta.). Galewski (1964b) described the larva

of C. paykulli.

Distribution. — This Nearctic species ranges from Newfoundland and Nova Scotia to British

Columbia and south to Kansas. In Alberta C. longulus occurs throughout the northern part

of the province south to the Bow River drainage, and is isolated in the Cypress Hills near Reesor
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Lake. I examined 222 specimens from Alberta localities (map, Fig. 452).

Colymbetes seminiger LeConte, 1862

Colyinbetes seminiger LeConte, 1862: 522. (Type locality - “Saskatchewan”.). - LeConte 1863a: 17. - Gemminger and

Harold 1868: 448. - Crotch 1873: 406. — Sharp 1882: 625. - Wickham 1895b: 122. — Leng 1920: 80. ~ Zimmermann

1920: 213. - Hatch 1928: 225. - Hatch 1953: 234. - Leech and Chandler 1956: 322.

Diagnosis. — Members of this species resemble large pale specimens of C. longulus but can

be recognized on the basis of the characters presented in the above key to species and in the

diagnosis of C. longulus.

Description - Measurements of 20 specimens from various localities in northern Alberta, are: TL - 17.28 to 20.00 mm
(X = 18.92 ± 0.67 mm); MW - 8.32 to 9.76 mm (X = 9.23 ± 0.39 mm); TL/MW - 1.98 to 2.13 (X - 2.04 ± 0.04).

Color resembling that of pale specimen of C. longulus, differing as follows: pronotum rufous to dark rufous and large

median transverse dark mark on disc (many specimens with additional dark spots lateral and posterior to medial mark); elytron

generally light brown with black transverse grooves; epipleuron not entirely black, with at least apical and usually also basal

rufous areas; ventral surface, including legs, piceous to black.

Pronotum with lines of primary sculpture dense, in form of narrow stretched meshes strongly transverse in arrangement

anteriorly and laterally on disc. Secondary sculpture isodiametric, lightly impressed and body slightly more shiny than that

of C. longulus.

Head as in C. longulus, lateral margin of frons not expanded in front of eye. Pronotum with lateral margin distinctly sinuate

near anterolateral angle.

Male with articles 1 to 3 of pro- and mesotarsi broadly dilated, with adhesive hairs on ventral surface, without scales;

anterior protarsal claw very broad, more or less spatulate, slightly arcuate and relatively broadly rounded apicaUy, dissimilar

in shape to anterior mesotarsal claw, latter narrowed and acute apicaUy. Male genitalia with aedeagus (Fig. 242) thickened

apically, but not hooked.

Taxonomic notes. — This species bears the same relationship with the Palearctic C. dahuricus

Aube that C. longulus bears with C. paykulli. The apex of the aedeagus of C. dahuricus is round-

ed like that of C. seminiger, but the aedeagus is longer and the apex relatively small. F. S. Carr’s

(1920: 4) Alberta record for C. strigatus LeConte refers to this species (based on specimens

bearing F. S. Carr’s determination labels in UASM).

Natural history notes. — This species inhabits Sphagnum bogs but does not appear to be as

restricted to this habitat as is C. longulus. Many specimens have been collected in situations

where mats of Sphagnum were absent but which did contain dense patches of emergent vege-

tation such as Carex, or matted plant debris such as flooded grasses along the margins of beaver

ponds, roadside ditches, or along flooding backwaters of creeks and drainage ditches. All col-

lections of this species have been made in forested areas.

Distribution. — The range of this species is almost identical to that of C. longulus. This species

has not been found in the Cypress Hills. I examined 108 specimens of C. seminiger from Alberta

localities (map. Fig. 453).

Colymbetes exaratus LeConte, 1 862

Colymbetes exaratus LeConte, 1862: 522. (Type locality - “Methy” (= Methy Lake, Saskatchewan?). - LeConte 1863a:

17. - Gemminger and Harold 1868: 447. - Crotch 1873: 505. - Sharp 1882: 627. - Zimmermann 1919: 223. - Leng

1920: 80. — Zimmermann 1920: 210. — Hatch 1928: 225. - Hatch 1953: 234. — Leech and Chandler 1956: 322.

Diagnosis. — Specimens of this species are recognized by the largely pale legs of which the

medioventral portion of the femora is darkly infuscate, and by the lateral margin of the frons

strongly dilated anterior to the eye.

Description. - Measurements of 20 specimens from southwestern Alberta, are: TL - 16.80 to 18.40 mm (X = 17.57 ±

0.42 mm); MW - 8.00 to 8.64 mm (X = 8.34 ± 0.20 mm); TL/MW - 2.02 to 2.18 (X = 2.11 ± 0.04).

Head black except two spots on frons (often fused into a single transverse bar), labrum, clypeus and anterior and lateral

margins of frons, testaceous to rufous; antenna testaceous basaUy, with outer articles slightly infuscate; palpi pale except

terminal article of each palpus infuscate apically. Pronotum testaceous to rufous except medial transverse bar and on many

specimens lateral spot on each side of medial bar, piceous to black. ScuteUum black basally, piceous apically. Elytron pale
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brown except transverse lines black and epipleuron testaceous. Ventral surface piceous to black except apices of abdominal

sterna and metacoxal process, rufous. Legs rufous except femora piceous ventrally and medially.

Pronotum with lines of primary sculpture deep and coarse, relatively widely separated and in form of very irregular meshes

with only slight tendency toward transverse arrangement anteriorly and laterally. Secondary sculpture fine, obsolete medially

on frons and disc of pronotum but well developed on disc of elytron.

Head (Fig. 238) with lateral margin of frons expanded laterally in front of eye. Pronotum with lateral margin evenly rounded.

Male with articles 1 to 3 of pro- and mesotarsi dilated; articles 1 ventral surface each with pad of adhesive setae along poste-

rior margin, articles 2 and 3 each with large scales on ventral surface; anterior protarsal claw strongly arcuate, broad basaUy

and acute apically. Aedeagus (Fig. 243) very elongate, strongly twisted to right; apex with a smaU but obvious hook.

Taxonomic notes. - LeConte’s description applies equally well to the large, dark, northern

form of C. sculptilis and to this species. I have not seen the type and apply the name C exaratus

sensii Hatch (1953) and Leech and Chandler (1956). On the other hand. Young and Severin

(1956) consider the name C. exaratus to be a synonym of C. sculptilis. If so, C. exaratus (auct.

not LeC) requires another name, unless it is conspecific with the very similar species C. inaequalis

Horn, 1871.

In southwestern Alberta, C. exaratus and C. seulptilis are more or less allopatric. Both are

represented in the same general areas but seldom together in the same body of water. In north-

ern and eastern Alberta, C exaratus is less common, but usually is associated with C sculptilis.

Over most of their ranges, these two remain morphologically distinct. However, in the Valley-

view area, some specimens appear intermediate between these two species. For example, a male

(3 mi E Valleyview, July 9, 1970) possesses all of the characters of C. exaratus except that

articles 1 of the pro- and mesotarsi lack adhesive hairs and instead possess a double row of

small oval scales. Four females from the same area show reduced swelling of the frons and ap-

proach C. sculptilis in head and leg coloration. No specimens from other localities show inter-

mediate conditions. If the Valleyview specimens represent hybrids between exaratus and sculp-

tilis, this condition is rare and for the most part, isolating mechanisms between these two species

are effective. Hybridization and competition with C. sculptilis may be important factors limit-

ing the eastern and northern distribution of C. exaratus in Alberta.

Natural history notes. — This species occurs primarily in the mountain and foothills regions

of Alberta, specimens being most frequently collected from areas of dense emergent vegetation

such as stands of Carex or from among mats of flooded grasses along beaver ponds. I have not

seen any records of flight. Teneral specimens have been collected on August 5, 1971.

Distribution. — This western Nearctic species ranges from Oregon and perhaps northern Cali-

fornia to British Columbia and eastward through the Rocky Mountains and adjacent foothills

to north central Alberta, and western Saskatchewan. No specimens have been seen from the

North Saskatchewan River drainage. I examined 84 specimens from Alberta localities (map.

Fig. 454).

Colymbetes sculptilis Harris, 1 829

Colymbetes sculptilis Harris, 1829: 8. (Type locality - Ipswich, Massachusetts.). - LeConte 1850: 213. — Melsheimer 1853:

30. - LeConte 1862: 282. - LeConte 1863a: 17. - Gemminger and Harold 1868: 448. — Crotch 1873: 405. — Sharp

1882: 627. - Horn 1883: 279. - Wickham 1895b: 122. - Zimmermann 1919: 223. - Carr 1920: 4. - Leng 1920: 80.

- Zimmermann 1920: 212. - Hatch 1928: 225. - Brown 1930b: 237. - Hatch 1933b: 11. - J. Balfour-Browne 1948:

160. - Young and Severin 1956: 79. - Anderson 1962: 23. - Gordon and Post 1965: 23. - Wallis 1973: 110.

Colymbetes triseriatus Kirby, 1837: 73. (Type -male in BMNH labelled as follows: type; N. Amer., 6 5779a; Colymb. tri-

seriatus Kirby, N. Amer., 5779, Rev. W. Kirby.). - Aube 1838: 229. - LeConte 1850: 213. - Horn 1883: 282.

Colymbetes densus LeConte 1862: 282. (Type locality - “Oregon”.) - LeConte 1863a: 17. - Gemminger and Harold 1868:

447. — LeConte 1869: 370. - Zimmermann 1919: 223.

Colymbetes rugipennis Sharp, 1882: 628. (Lectotype (here selected) - male in BMNH labelled as follows: Northern bound.

Nebraska, Sept. 1874, 916; Type; Sharp Coll. 1905-313; Type 916, Col. rugipennis n. sp.. Am. bor.). — Leng 1920: 80. —

Zimmermann 1920: 212. - Hatch 1928: 225. - Hatch 1953: 234. Leech and Chandler 1956: 322. - Young and Severin

1956: 79-83.
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Colymbetes exaratus Young and Severin, 1956; 80. Not LeConte, 1862 (see Taxonomic notes under C. exaratus LeConte).

Diagnosis. — Members of this species are recognized by the following combination: frons

not dilated anterior to eye; pronotum with disc largely pale and bearing a medial transverse

maculation and on some specimens brown or piceous spots lateral to this; legs mainly testaceous

with femora of some specimens variously infuscate; male articles 1 to 3 of protarsus with only

large adhesive scales on ventral surface.

Description. - Habitus, as in Fig. 8. Measurements are: TL - 15.2 to 18.0 mm; MW - 6.8 to 8.5 mm. See Taxonomic Notes

below for discussion of geographical variation in measured characteristics.

Head black except two spots on frons (on many specimens spots fused into single transverse bar), labrum, clypeus, antero-

lateral margin of frons, and frons medially, testaceous to rufous; antenna testaceous except outer articles slightly infuscate

on some specimens; palpi testaceous except terminal article of each palpus infuscate apically. Pronotum testaceous to rufous

except medial transverse mark and on some specimens lateral spot on each side, piceous. Scutellum pale basally, piceous

apically. Elytron generally testaceous to pale brown with transverse grooves black. Ventral surface black except apices of

metacoxal processes and abdominal sterna, rufous. Legs testaceous to rufous except femora variously infuscate medially on

some specimens.

Pronotum with lines of primary sculpture deep and coarse, relatively widely separated, in form of very irregular meshes

with slight tendency toward transverse arrangement. Dorsal surface with secondary sculpture fine.

Head with frons evenly narrowed from anterior margin of eye to apex of clypeus, frons not dilated anterior to eye. Pro-

notum with lateral margin evenly arcuate, not sinuate near anterolateral angle.

Male articles 1 to 3 of pro- and mesotarsi dilated, with only large adhesive scales on ventral surfaces; anterior protarsal

claw strongly arcuate with apex acute, smaller than claw of exaratus. Aedeagus (Fig. 244, 245) relatively short and only

slightly twisted; apex with hook.

Taxonomic notes. — The following five characters vary: sculpture, color, size, length of

aedeagus and width of male protarsus. Sculpture varies in the depth and density of the primary

sculpture, but this does not show a definite geographical pattern. On the other hand, variation

in the other characters has a geographical basis, not precisely concordant, but parallel, and per-

mits recognition of three forms in the province. Each of these characters is discussed separately

below.

a) Color: The pattern of variation is relatively simple. Specimens from the prairie and park-

land regions tend to have reduced pronotal maculation and the legs are entirely testaceous or

rufous. To the north, in the mixed and boreal forests, the pronotal maculations are more or

less expanded and the femora are variously infuscate medially, varying individually from pale

brown to almost piceous.

b) Size: The length of the left elytron from its apex to the apex of the scutellum is an index

of size. Measurements from selected population samples from Alberta, are presented in Table

3. These data were used to calculate the regression of length of elytra on latitude shown in

Figure 1. Samples from the extreme ends of this distribution, when compared with each other

by means of a t test, differ significantly at the 99% level of confidence. However, adjacent

samples do not differ significantly from each other. Hence, the variation in size from north

to south appears to be in the form of a uniform dine. In spite of this rather simple over-

all pattern, several complications are evident. In southern Alberta, in the Lethbridge and Little

Bow River samples, the populations contain two forms. If those male specimens possessing

short aedeagi (see (c) below) are separated from the rest of the sample, their mean elytral length

is 1 1.38 mm (N = 6, range 1 1 .20 - 1 1 .84 mm), while the mean for the remainder of the sample

is 12.25 mm (N = 22, range 1 1.20- 12.96 mm); The females cannot be separated into two groups

on the basis of size, nor can they be subdivided on the basis of any other single character. In

northern Alberta the dine appears to level off at 55-56° latitude, perhaps slightly lower in the

east and higher in the west. However, the Peace River specimens are smaller than specimens

from the same latitude further east, and are similar to Edmonton specimens.

c) Length of Aedeagus: Data on the length of the aedeagus of specimens from selected popu-

lation samples is summarized in the form of histograms in Figure 2. This character varies dis-

continuously, showing three distinct states. In southern Alberta, a form with a very short aedea-

gus occurs (which corresponds to those specimens with short elytral length) within population
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samples which contain specimens possessing aedeagi of medium length. This second form occurs

exclusively throughout central Alberta to about the latitude of Cold Lake and the Athabasca

River. North of this, specimens with long genitalia become more common and predominate

in the area north of Lesser Slave Lake and in the McMurray region.

DEGREES NORTH LATITUDE

Fig. 1. Regression of length of left elytron on latitude for male specimens of Colymbetes sculptilis Harris from selected Alberta

localities.

d) Width of Male Protarsus: Populations from the Lethbridge area are dimorphic, containing

specimens with narrow protarsi (corresponding to those specimens with short aedeagi) which

are restricted to this area, and specimens with very broad protarsi. All specimens from localities

farther north show the broad state. However, north of Edmonton, there is a tendency for the

tarsi to become narrower.

In summary, the Alberta specimens of sculptilis can be divided into three forms on the

basis of the above characters, as follows:

1) Form A restricted to southern Alberta: color pale, size small, aedeagus short, and male

protarsi narrow.

2) Form B inhabiting south and central Alberta and part of the Peace River area: color

pale to intermediate, body and aedeagus of intermediate length, and male protarsi very

broad.

3) Form C occurs in northern Alberta: color dark, size large, aedeagus long, and male

protarsus narrow.

Forms B and C intergrade in all characters except length of aedeagus. However, as the dif-

ference in length of aedeagus is not great, this character may simply be dimorphic. These two
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forms are probably ecotypes of the same species, with B being a prairie and parkland form and

C being a mixed or boreal forest form. However, the relationship between forms A and B is

more obscure. Size overlaps, but on the basis of length of aedeagus and width of male pro-

tarsus, both forms are distinct. Form B becomes larger in size in its zone of overlap with form

A, just as the width of its protarsus is at its greatest in this area. This could represent two cases

of character divergence where two separate although closely related species are sympatric. On

the other hand, these two forms could represent two different morphs of the same species.

Young and Severin (1956) have suggested that in this species, “there may be a correlation with

the chemical composition of the water and the degree of elytral and pronotal sculpturing”.

Perhaps similar factors could affect other morphological characters. A definitive statement on

the status of these various forms and the factors leading to their development and maintenance

must wait until detailed taxonomic and ecological studies are made.

Table 3. Data on geographical variation in length of the left elytron (mm) among selected

population samples of Colymbetes sculp tilis Harris.

Locality Sex N Range Mean S.D.

Wildhorse d 4 11.20- 11.84 11.52 0.28

Lethbridge (5 12 11.20- 12.96 11.82 0.63

9 18 11.04- 13.28 12.18 0.60

Little Bow River d 16 11.20- 12.48 11.94 0.34

Calgary d 26 11.20- 12.80 12.15 0.39

9 9 11.20- 12.96 12.30 0.61

Blood Indian Res. d 20 11.68- 12.64 12.13 0.27

9 20 10.72- 13.12 12.24 0.55

Winchell Coulee d 7 11.04- 12.64 12.09 0.52

Red Deer d 9 11.84- 12.64 12.28 0.30

9 4 12.16- 13.12 12.60 0.40

Edmonton d 10 11.84- 13.28 12.61 0.43

9 20 11.36- 13.28 12.59 0.48

Edson d 11 11.84- 13.28 12.44 0.41

9 4 12.96- 13.12 13.00 0.07

Rock Lake d 8 11.68- 12.88 12.06 0.37

9 3 12.48- 13.20 12.88 -

Peace River d 4 12.48- 13.28 12.72 0.38

9 8 11.68- 13.12 12.54 0.42

Gift Lake d 20 12.16- 13.76 13.10 0.37

Ft. McMurray d 3 13.28- 13.92 13.60 -

Manning d 8 12.00- 13.44 12.85 0.52

I did not dissect the genitalia of Kirby’s type of C triseriatus and hence am uncertain of

its relationship with the Alberta forms. The lectotype of C rugipennis Sharp is most similar

to the large prairie form.

Natural history notes. — This species is common in Alberta in almost all warm shallow waters

with dense stands or mats of submerged or emergent vegetation. Specimens are occasionally

taken in colder, vegetation-choked sites such as Sphagnum bogs. James (1970) described the
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N

Length of aedeagus (mm)

Fig. 2. Colyrnbetes sculptilis Harris. Length of aedeagus for specimens from selected Alberta population samples. A - Leth-

bridge; B - Little Bow River; C - Calgary; D - Blood Indian Reservoir; E - Red Deer; F - Edmonton; G - Edson; H - Rock
Lake; 1 - Gift Lake; J - McMurray.
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larva and the biology of this species in southern Ontario, and Watts (1970) the season of lar-

val occurrence in southern Manitoba. In Alberta, teneral specimens have been collected from

July 4 to August 5. Watts (1970) found that adults may leave drying pools during summer,

and migrate to more permanent water. Overwintering is in these sites or a return migration

takes place in fall when rains raise water levels in smaller sloughs and ponds. Two adults were

active under ice of Pine Lake (March, 1970).

Beetles of this species fly readily and many were collected at light during September and

October.

Distribution. — This species is transcontinental in northern North America, ranging south

to California and Nevada. I examined 636 specimens from Alberta localities (map. Fig. 455).

Subfamily Dytiscinae

The Alberta members of this subfamily are distinguished by the following combination of

characters:

Size large to very large. Eye with anterior margin entire, not emarginate above base of antenna. Pronotum without lateral

bead. Scutellum of mesothorax visible. Prosternum and its process in same plane. Metepisternum extended to mesocoxal

cavity. Tarsal formula 5-5-5. Metatibia with bifid setae on dorsal face and row of natatorial setae along posterior margin of

males and most females (absent on females of Dytiscus)-, metatibial spurs acute or emarginate apically; metatarsal articles

slightly lobed apically; metatarsal claws unequal, outer claw shorter than inner. Male with articles 1 to 3 of protarsus broadly

dilated and conjointly in form of rounded pallette, ventral surface of pallette with large adhesive discs and on some specimens

also adhesive hairs. Male genitalia with parameres equal, subequal in length to aedeagus, setose apically and united dorsally

by membrane for much of their length; aedeagus setose or glabrous on subapical ventral surface. Female with valves of ovi-

positor elongate, membranous or sclerotized, pointed apically but without dorsal or ventral teeth.

Genus Linnaeus, 1758

Z)>T(scus Linnaeus, 1758: 411. (Type species - Dytiscus marginalis L., designated by Latreille, 1810: 426 (opinion 619,

BuU. Zool. Norn. 18 (1961)).)

Macrodytes Thomson, 1860: 41. (Type species - Dytiscus marginalis by original designation (Leech, 1948: 414).)

Leionotus Kirby, 1837: 76. (Type species - Dytiscus conforrnis Stephens (= D. marginalis L.) designated by Hope, 1839:

131.)

In addition to characteristics of Dytiscinae, members of Dytiscus share the following com-

bination:

TL - 22 to 40 mm; color of dorsal surface dark brown to black, with green sheen on many specimens; clypeus (except

for piceous anterior margin), labrum and inverted V-shaped marking on frons (chevron), lateral and on some specimens also

basal and apical margins of pronotum, and lateral margin of elytron, yellow; color of ventral surface of body various; spurs

of metatibia acute; metatarsus with dorsoapical margin of articles 1 to 4 glabrous, without fringe of short, flattened, golden

setae: metatibia of male with row of natatorial setae along posterior margin; setae absent from female; male pallette of pro-

tarsus article 1 with large posterior and slightly smaller anterior disc, remainder of article 1, articles 2 and 3, and meso tarsal

articles 1 - 3 ventral surfaces with numerous small adhesive hairs; aedeagus with subapical ventral surface setose: female with

valve of ovipositor elongate, heavily sclerotized.

Two distinct forms of females are represented: a) male-like, with exception of sexual char-

acters and differences in punctation; and b) those with deeply impressed longitudinal striae

on the disc of each elytron. Several Alberta species have females of both types, for example

D. dauricus, D. circumcinctus and D. alaskanus. The species D. fasciventris has only striate

females while all females that I examined of D. harrisii, D. marginicollis and D. hybridus are

lacking striae. In only two species, D. cordieri and D. alaskanus, does the distribution of these

two female morphs appear to have a geographical basis. Striate females are consistently more

conspicuously punctate than are nonstriate females of the same species, and nonstriate females

are in turn more coarsely punctate than males. Presence or absence of striae on the females

does not indicate close relationship between any of the species (Balfour-Browne, 1950: 266).

The Alberta species of Dytiscus show very little interspecific divergence in external structure.
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Males of all Alberta species are distinguished from one another by the shape of the apex of

the aedeagus. Differences in configuration of this organ between some species are slight, but

appear to be consistent. Within a species, color is generally quite constant and color pattern

shows a high degree of concordance with other characters. Because of this, color associates

females with males, and is used extensively in the following key to species. Occasional speci-

mens deviate from the normal pattern of the species, hence identifications should be con-

firmed by examination of the male genitalia. When punctation is used for identification of

species, it is necessary to compare specimens of the same sex and of the same female morph

because of the high degree of intraspecific variation this character shows among these classes.

The North American species of Dytiscus exhibit patterns of geographical variation not

understood at present. Also, the relationship between certain North American and Palearctic

species is in doubt. Hence, the genus requires revision.

These insects inhabit shallow portions of ponds, lakes, slow streams and longer-lasting tem-

porary sloughs, usually areas of dense emergent vegetation, and less frequently deeper water

among rooted aquatic plants. Larvae are more common in deeper and more open locations

than those inhabited by adults. The larvae are large active predators that probably prey on a

variety of small animals. However, in the field, I more frequently observed Dytiscus larvae

holding tadpoles in their mandibles than any other form of prey.

In Alberta, these insects overwinter as adults, and have been found in winter swimming

under the ice of large deep lakes. For example, a male of D. circiimcinctus was collected from

a hole in the ice of Pine Lake on February 14, 1970 and a male of D. alaskanus was taken

from Hastings Lake on March 14, 1964. Presumably, individuals inhabiting ponds that freeze

completely during the winter must hibernate at the bottom of these ponds. Many observations

of flight have been made during September and October and a few instances of early spring

flight have been seen. Flight records are listed separately under each species.

The larvae of the following North American species have been described; D. verticalis (Wil-

son, \923), D. fasciventris OdiTUQS, 1970; Watts, 1970),Z). dauricus (Kincaid, 1900; Watts,

1970) and D. cordieri (Watts, 1970). The larvae differ principally in coloration, shape of head

and distribution of spines and setae on the tarsus.

Key to the Alberta species of Dytiscus Linnaeus ^

1 Metacoxal process rounded apically (Fig. 246-250), apex not acuminate 2

F Metacoxal process with apex sharply pointed, more or less acuminate (Fig. 251-253)

13

2 (1) Clypeus with anterior margin shallowly but distinctly bisinuate

D. harrisii Kirby, p. 397
2’ Clypeus with anterior margin straight or slightly concave 3

3 (2’) Males 4

3’ Females 9

4 (3) Mesotarsus articles 2 and 3 with median longitudinal glabrous area on ventral sur-

face 5

4’ Mesotarsus ventral surface of articles 2 and 3 uniformly setose, without median

longitudinal glabrous area 6

5 (4) Pronotum basal margin broadly bordered with yellow medially, maximum width

of basal border subequal to maximum width of apical border

D. marginicollis LeConte, in part, p. 398

6. F. S. Carr (1920; 4) recorded D. marginalis from Alberta, almost certainly in error. The

species is not definitely known from North America and has not been included in the key.
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5’ Pronotum base not or at most very narrowly bordered with yellow

D. hybridus Aube, in part, p. 398

6 (4’) Ventral surface more or less evenly dark rufous to piceous in color: elytron with

yellow subapical transverse fascia D- verticalis Say*, in part

6’ Ventral surface mainly testaceous or testaceous with distinct piceous pattern; ely-

tron without subapical transverse fascia, apex irrorate with yellow or not .... 7

7 (6’) Frons with lateral arm of pale chevron extended to pale anterolateral angles; clypeus

with posterior margin raised as low ridge anterior to anterolateral impressions of

frons; pronotum basal margin distinctly bordered with yellow; elytron with serial

punctures traceable to apex, not obscured by densely punctate apex; ventral sur-

face entirely testaceous D. cordieri Aube, in part, p. 400

7’ Without above combination of characters; frons with pale chevron not extended

to pale anterolateral angles; elytron with at least apical third densely punctate . 8

8 (7’) Elytron with dense punctation more or less restricted to apical half of disc, basal

half of disc finely and sparsely punctate; anterior protarsal claw slightly shorter

than protarsal article 5: aedeagus as in Figure 257

D. fasciventris Say, in part, p-. 399

8’ Elytron with dense punctation extended well onto basal half of disc; anterior pro-

tarsal claw subequal in length to protarsal article 5; aedeagus as in Figure 258

D. hatchi Wallis*, p. 400

9 (3’) Frons with anteromedial portion immediately posterior to clypeal suture, coarsely

punctate; elytron with yellow subapical transverse fascia

D. verticalis Say*, in part

9’ Frons with anteromedial portion impunctate or at most very finely and sparsely

punctate 10

10

(9’) Metafemur with anteromedial portion of ventral face very densely punctate, punctures

separated by less than their own diameters; pronotum with basal margin not or only
n

obscurely bordered with yellow D. fasciventris Say
,
in part, p. 399

10’ Metafemur with ventral face relatively sparsely punctate, punctures separated by

several times their own diameter; pronotum with basal margin yellow or not ..11

1 1(1 O’) Elytron with basolateral punctation behind shoulder much denser than punctation

toward apex of elytron: pronotum with basal margin not or only very narrowly

bordered with yellow D. hybridus Aube, in part, p. 398

1
1’ Elytron behind shoulder impunctate or with very small punctures; pronotum with

basal margin distinctly bordered with yellow; elytron smooth or striate 12

1 2( 1 1’) Abdominal sterna mainly infuscate, dark rufous to piceous; many specimens with

sternum 1 and lateral and apical portions of sterna 2 to 6, testaceous; elytron with

basomedial portion of disc on most specimens with at least some finely impressed

anastomosing lines D. marginicollis LeConte, in part, p. 398

12’ Abdomen with sterna entirely testaceous or pale rufous, at most sternal sutures

slightly darker; elytron without fine anastomosing lines

D. cordieri Aub6^
,
in part, p. 400

13 (!’) Eye ringed with yellow, or some specimens with yellow ring narrowly broken near

inner posterior angle of eye: abdominal sterna entirely testaceous or pale rufous.

* Species is not known from Alberta.

7. Females of D. hatchi key to D. fasciventris or D. cordieri but D. hatchi is not known from

Alberta.
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except basal margins of sterna 1 to 3 narrowly black

D. circumcinctus Ahrens, p. 401

13’ Eye not ringed with yellow, or on some specimens anterolateral yellow spot on

frons shortly produced along anterior inner margin of eye; abdominal sterna 2 and

3 with expanded basolateral piceous areas 14

14(13’) Male with apex of aedeagus as in Figure 261 ;
female with posteromedial margin of

clypeus distinctly raised above level of frons along clypeal suture; TL — 30.0 to

35.0 mm D. dauricus Geblev, p. 402

14’ Male with apex of aedeagus as in Figure 262; female with clypeus and frons in same

plane medially along clypeal suture; TF — 22.5 to 30.5 mm
D. alaskanus J.Balfour-Browne, p. 404

Dytiscus harrisii Kirby, 1837

Dytiscus harrisii Kirby, 1837: 76. (Holotype - male in BMNH labelled as follows: - Type; N. Amer., d 5784a; Dytiscus

harrisii Kirby; N. Amer. 5784, Rev. W. Kirby.). - LeConte 1850: 202. — Melsheimer 1853: 29. - LeConte 1859: 36. -

LeConte 1863a: 18. - Gemminger and Harold 1868: 462. - LeConte 1869: 370. - Crotch 1873: 407. - Sharp 1882:

646. - Wickham 1895c: 151. - Roberts 1905: 106. - Blatchley 1910: 232. - Leng 1920: 81. - Zimmermann 1920:

242. - Hatch 1928: 227. - Hatch 1953: 238. - Gordon and Post 1965: 25. - WaUis 1973: 110.

Diagnosis. — Very large size and distinctive color of the ventral surface are usually sufficient

to permit ready recognition of this species. In addition, the anterior margin of the clypeus is

bisinuate.

Description. — Measurements of 4 specimens from northern Alberta and Hay River, N.W.T. are: TL — 32.4 to 36.0 mm
(X - 34.0 mm); MW - 17.2 to 19.2 mm (X = 18.0 mm); TL/MW ^ 1.87 to 1.90 (X = 1.88).

Dorsal surface of head, disc of pronotum and disc of elytron, piceous to black with dark green cast on some specimens.

Anterolateral margin of frons above base of antenna and small chevron between eyes, rufous; antenna testaceous; palpi

testaceous except terminal article of each palpus infuscate apicaUy; ventral surface of head testaceous. Pronotum with apical

and basal margins distinctly bordered with yellow. Elytron with narrow transverse subapical fascia continuous with lateral

margin. Prosternum pale laterally, piceous medially. Mesepisternum and anterior margin of metacoxa, testaceous; metacoxal

process rufous; otherwise ventral sclerites of meso- and metathorax dark piceous or black. Abdomen with sternum 1 testaceous

medially, margins black; sterna 2 to 5 dark rufous medially with apical and laterobasal areas piceous; sternum 6 generally

piceous, paler medially and apically. Proleg with anterior face rufous, posterior face piceous; meso- and metafemora anteriorly,

trochanters and mesocoxa, rufous; otherwise middle and hind legs piceous.

Striate female not seen. Female with head virtually impunctate or at most with scattered small punctures along hind margin;

pronotum with numerous very fine punctures scattered more or less evenly over disc; elytron distinctly punctate, small discal

punctures deeper and denser toward apex and intermixed with much larger and deeper punctures; metacoxa and metafemur

very finely and sparsely punctate; metatibia smooth and shiny with few widely spaced, minute punctures on ventral face.

Male sculptured as above but with punctures smaller and finer.

Body large and relatively broad, lateral margins of elytron more or less expanded. Head with labrum only slightly concave

medially; clypeus with apical margin bisinuate. Metacoxal process rounded apically (Fig. 246). Male with anterior and posterior

rows of setae bordering basolateral smooth area of protibia clearly separated from each other dorsally: articles 2 and 3 of

mesotarsus uniformly setose beneath. Male genitalia with aedeagus as in Figure 254.

Taxonomic notes. — I have seen too few specimens to make a definite statement about pat-

terns of variation. However, 5 specimens seen from eastern North America (Ontario and Wis-

consin) are larger (mean TF — 37.4 mm) and broader (mean ratio TF/MW — F77) than the

Alberta specimens. Some authors recorded the occurrence of striated females, but neither

Hatch ( 1 953) nor I have seen them.

Thomson (1860) divided Dytiscus into two genera, Dytiscus s. str. and Macrodytes I’homson,

primarily on shape of the labrum and lateral dilation of the elytra. Thomson left the species

D. latissimus F. in Dytiscus and placed all other European species, including/), rnarginalis F.,

in Macrodytes. However, as D. rnarginalis is type species of both Dytiscus and Macrodytes,

these generic names are synonymous. Various authors assigned D. harrisii to Dytiscus sensu

Thomson as it resembles the Palearctic species D. latissimus in its shallowly emarginate labrum

and laterally broadened elytra. F. Balfour-Browne (1950) discussed the characters used by
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Thomson and concluded that the division of Dytiscus into two genera or subgenera is not

merited.

Natural history notes. —
I collected two females of harrisii from amid emergent Carex grow-

ing along the margins of beaver ponds on brown-water streams in northern Alberta. J. Carr

(pers. comm.) found a very teneral female in its pupal cell under a log near the edge of a

Sphagnum- and Carcx-ringed lake on September 3, 1961. A specimen was collected in flight

on June 2, 1964 (Hay River, N.W.T., UC).

Distribution. — This species ranges widely in the forested regions of northern North America,

from Quebec and Wisconsin (UASM) to British Columbia, and north to at least Great Slave

Lake (UC). The species is uncommon in Alberta and I examined only 3 Alberta specimens

from the localities indicated in Figure 456.

Dytiscus hybridus Aube, 1838

Dytiscus hybridus Aube, 1838: 116. (Type locality - “Etats-Unis d’Amerique”.). - Melsheimer 1853: 29. - LeConte 1863a:

18. - Gemminger and Harold 1868: 462. - Crotch 1873: 408. - Sharp 1882: 637. - Wickham 1895c: 152. - Roberts

1905: 106. - Blatchley 1910: 231. - Zimmermann 1919: 233. - Leng 1920: 80. - Zimmermann 1920: 248. - Hatch

1928: 226. - Hatch 1933b: 11. - WaUis 1950: 51. - Gordon and Post 1965: 24. - Wallis 1973: 110.

Leionotus compar Melsheimer, 1844: 26. (Type area - “Pennsylvania and Massachusetts’.)

Diagnosis. - This species is characterized by the following combination: metacoxal processes

rounded apically; basal margin of pronotum not or only narrowly bordered with yellow; ab-

dominal sterna dark rufous to piceous; male articles 1 to 3 of mesotarsus each with longitudinal

glabrous area on ventral surface; and female with elytron behind shoulder densely punctate.

Description. - Measurements of one female specimen from Medicine Hat, Alberta, are: TL — 26.15 mm; MW - 13.85 mm;
TL/MW - 1.89.

Dorsal surface piceous to black with very faint green sheen. Head with small chevron between eyes, anterior and lateral

portions of frons, and frons along inner margin of eye to about level of posterior inner angle, rufous; clypeus and labrum

testaceous; antenna with articles 1 and 2 testaceous, outer articles progressively darker; palpi pale except terminal article of

each palpus infuscate apically. Pronotum with lateral margins broadly yellow; anterior margin narrowly but distinctly bor-

dered with yellow; basal margin piceous or on some specimens narrowly yellow. Elytron with lateral margin yellow; apex

irrorate with yellow. Ventral surface rufous to piceous except prothorax and legs slightly paler.

Female without elytral striae. Female with head finely and sparsely punctate; pronotum coarsely punctate laterally,

punctures more or less confluent in form of short irregular lines; disc medially with punctures much smaller and sparser;

elytron basolateraUy behind shoulder finely and densely punctate, punctures sparser both medially and apically; metacoxae,

metatibiae and metafemora very sparsely and finely punctate. Male with punctation sparse and fine.

Metacoxal process (Fig. 247) broadly rounded apically. Female with hind margin of sternum 6 more or less produced

apically.

Male with outer apical series of protibial setae in contact dorsally. Mesotarsus articles 1 to 3 each with medial longitudinal

glabrous area. Aedeagus (Fig. 255) with apex long and slender in lateral view; apex produced as small rounded plate.

Distribution. — This eastern species ranges west to about the eastern edge of the Great Plains.

It is tempting to regard the single female from Alberta (Medicine Hat; Sept. 23, 1939; F. S.

Carr; UASM) as mislabelled, but a large number of F. S. Carr’s distribution records, no matter

how improbable they may initially appear, have been confirmed by subsequent collectors.

Also, Hatch (1928) recorded the species from Alberta but did not mention if he examined

actual specimens. The Alberta specimen was probably an accidental migrant into the province

as September is a peak dispersal period for many species of Dytiscus. The Alberta locality re-

cord is indicated in Figure 457.

Dytiscus rnarginicollis LeConte, 1845

Dytiscus rnarginicollis FeConte, 1845a: 201. (Type locality - “In flumine Missouri”.). — FeConte 1845b: 209. - Melsheimer

1853: 29. — FeConte 1859: 36. - FeConte 1863a: 18. - Crotch 1873: 408. — Sharp 1882: 638. - Zimmermann 1919:

233. - Feng 1920: 280. - Zimmerann 1920: 252. - Hatch 1928: 226. - Hatch 1933b: 11. - Feech 1941b: 290. - Feech

1948b: 414. - FaRivers 1951: 404. - Hatch 1953: 238. - Feech and Chandler 1956: 323. - Anderson 1962: 73.
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Diagnosis. - This distinctively colored species is recognized by the broad yellow border of

the pronotal base, darkened abdominal sterna, and bluntly pointed metacoxal processes.

Description. - Measurements of 22 Alberta specimens are: TL - 27.6 to 31.1 mm (X = 29.7 ± 0.8 mm); MW - 13.4

to 15.4 mm (X = 14.7 ± 0.5 mm); TL/MW - 1.9 to 2.1 (X - 2.0 ± 0.05).

Dorsal surface of head and disc of pronotum piceous to black; disc of elytron rufous to piceous with metallic green re-

flection. Head with large medial chevron, anterior margin of Irons, clypeus, labrum, palpi, ventral surface of head and on

some specimens, frons medially to eye, testaceous; antenna testaceous basally, terminal articles rufous. Pronotum broadly

bordered with yellow; basal border narrow laterally, broadly and abruptly expanded medially. Scutellum pale medially,

margins piceous. Elytron with yellow lateral margin narrowed toward apex, and discontinuous before posterior apical angle,

apex irregularly irrorate with yellow. Ventral surface varied in color: metasternum medially, posterior margin of metacoxa,

metacoxal process and abdominal sterna 2 to 6 (except for narrow apical and lateral margins), dark rufous to piceous;

remaining portions of abdomen pale. Front and middle legs and metafemora, testaceous to pale rufous; many specimens

with posterior surface of tibiae, piceous; metatibia and tarsi dark rufous, except piceous medially.

Male with fine sparse punctation. Female nonstriate; punctation of head fine and sparse; pronotum with small punctures

over entire surface but on most specimens, punctation conspicuously larger and denser laterally on disc: elytron with punc-

tation fine basaUy, larger and more conspicuous toward apex; punctation of ventral surface fine and sparse. Most females

with system of finely impressed anastomosing lines on basomedial portion of elytron.

Metacoxal process (Fig. 248) elongate and bluntly pointed apically, not acuminate.

Male with basolateral flattened area of protibia completely surrounded with setae; articles 2 and 3 of mesotarsus with

medial longitudinal glabrous area on ventral surface. Aedeagus (Fig. 256) with apex slender and elongate, not distinctly

modified.

Natural history notes. — In Alberta, this relatively uncommon species is known only on

the prairies of the southern portion of the province, in Typha marshes or in mats of Juncus

sp. where this forms dense emergent stands along the edges of probably permanent prairie

sloughs. One record of flight has been seen for this species (Lethbridge, l.x.1929, H. Seamans,

CNC).

Distribution. — D. marginicollis ranges from Baja California to Alaska and east to Alberta.

I examined 38 specimens from Alberta localities (map. Fig. 458).

Dytisciis fasciventris Say, 1824

Dytiscus fasciventris Say, 1824: 270. (Type locality - “Fake Superior”.). - FeConte 1850: 212. - Melsheimer 1853: 29. -

FeConte 1859: 177. - FeConte 1863a: 18. Gemminger and Harold 1868: 461. - Crotch 1873: 408. - Sharp 1882:

636. - Wickham 1895c: 151. - Roberts 1905: 106. - Blatchley 1910: 231. - Zimmermann 1919: 233. - Feng 1920:

80. - Zimmermann 1920: 248. - Hatch 1928: 226. - Wallis 1950: 51. Hatch 1953: 237. - James 1970: 77-84. -

Wallis 1973: 110.

Dytiscus carolinus Aube, 1838: 120. (Type locality - “Etats Unis d’Amerique”.)

Diagnosis. — Members of this species possess the following distinctive combination: ground

color of dorsal surface brown to piceous, basal margin of pronotum not or only narrowly bor-

dered with yellow, apex of metacoxal process rounded, metafemur with anteroventral surface

relatively densely punctate, and abdomen largely testaceous with piceous marks. Male with

apical third of elytron densely punctate. Female striate. Specimens of this species are very

similar to specimens of D. hatchi, from which they may be distinguished by characters present-

ed in the diagnosis of hatchi.

Description. - Measurements of 26 Alberta specimens are: TF - 24.8 to 27.9 mm (X = 26.6 ± 0.5 mm); MW - 12.3 to

14.6 mm (X = 13.4 ± 0.2 mm); TF/MW - 1.9 to 2.1 (X = 2.0 ± 0.05).

Head dark brown to black, with distinct green sheen; disc of pronotum and elytron brown to light piceous, with faint

green reflection. Frons with median chevron, anterolateral angles and on some specimens, inner margin of eye, rufous; antenna

testaceous basally, outer articles darker and infuscate apically on some specimens; clypeus, labrum and ventral surface of

head testaceous. Pronotum bordered laterally and anteriorly with yellow; basal margin colored as disc or obscurely paler,

especially medially, only rarely distinctly but narrowly bordered with yellow. Scutellum piceous, slightly paler at base

and apex. Ventral surface testaceous to rufotestaceous except metasternum medially and margins of metasternum and meta-

coxa piceous, metacoxal process dark rufous; abdominal sterna with basal and apical margins piceous, basal margin with dis-

tinct mediolateral piceous spot on segments 2 and 3 and on many specimens also on segments 4 and 5, piceous spots continuous

with basal margin of sternum. Tegs testaceous except pro- and mesofemora darker dorsaUy and metatarsi rufous to piceous.

Male dorsal surface finely punctate, elytron with apical 0.33 with relatively large and dense punctures; metacoxa
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finely punctate; metafemur sparsely and finely punctate on posterior half, anteromedial portion more densely punctate;

metatibia finely micropunctate. Female striate; head smooth, lightly and sparsely punctate; pronotum with lateral areas

densely punctate, punctures sparser and shallower medially; elytron with ridges finely punctate basally, punctures denser

and intermixed with coarser punctures toward apex: metacoxa deeply punctate laterally, less strongly so medially; ventral

face of metafemur strongly punctate over entire surface, punctures more or less confluent anteromedially; metatibia with

ventral face micropunctate.

Clypeal suture fine, evenly but slightly convex medially. Antenna with articles 3 to 5 broad, outer articles progressively

narrower. Metacoxal process with apex broadly rounded (Fig. 249). Female with sternum 6 coarsely and irregularly rugose

along posterolateral margin.

Male with outer distal rows of protibial setae separated dorsally on most specimens. Anterior protarsal claw slightly shorter

than protarsal article 5. Mesotarsus with articles 1 to 3 uniformly setose beneath. Aedeagus (Fig. 257) with apex long and

slender, recurved ventrally; apex narrowly flanged laterally.

Taxonomic notes. — Although Say’s type is lost, there appears to be little doubt that he

applied the name/), fasciventris to the present species. His statements that the female was

striate, “dark olivaceous-brown”, and “venter black, with yellow bands, terminating each side

in triangles of the same color” fit this species better than any other North American species.

The species D. hatchi Wallis is very closely related to D. fasciventris, which it replaces in south-

western British Columbia and northwestern United States.

Natural history notes. — James (1970) described the larvae of this species and commented

briefly on its ecology in southern Ontario. In Alberta, specimens of D. fasciventris were most

frequently collected in vegetation-choked pools and sloughs of parkland and mixed forest areas.

The two prairie collections were at light, and along the shore of a large deep reservoir, suggest-

ing that the insects had arrived there by recent flight and probably had not bred in that site.

A teneral female was collected July 18 at Brownvale. I have seen flight records for September

and October 3.

Distribution. — This Nearctic species ranges from New Jersey (UASM!) and Ontario (!, UASM;
James 1970) to eastern and northern British Columbia (!, CARR, UASM, UC; Hatch, 1953).

I examined 28 specimens from Alberta localities (map. Fig. 459).

Dytiscus hatchi Wallis, 1950

Dytiscus hatchi Wallis, 1950: 50. (Type locality - pond north of Bethel, Washington.). - Hatch 1953: 237. - Leech and

Chandler 1956: 323.

Diagnosis. — Specimens are extremely similar to those of D. fasciventris, and females of

the two species are not separated in the key to species. Specimens of D. hatchi differ from those

of D. fasciventris in the following ways: pronotum with basal margin distinctly but narrowly

bordered with yellow; abdomen with dark marks in form of somewhat indefinite blotches

evidently separated from posterior margins of segments; male with protarsal claws subequal

in length to protarsal article 5 and elytron densely punctate on apical 0.5 to 0.66 of disc;

aedeagus with apex less abruptly bent ventrally and more broadly rounded (Fig. 258).

This species is exclusively western, ranging from California to southern British Columbia,

and has not been collected in Alberta. However, as specimens were taken at Creston, British

Columbia, the species may at least stray into the southwestern part of Alberta, especially in

the Crowsnest Pass region.

Dytiscus cordieri Aube, 1838

Dytiscus cordieri Aube, 1838: 108. (Type locality — Boston, Mass.). — LeConte 1850: 212. — Melsheimer 1853: 29. —

LeConte 1863a: 18. - Gemminger and Harold 1868: 461. - Crotch 1873: 408. - Sharp 1882: 773. - Leng 1920: 80.

- Zimmermann 1920: 246. - WaUis 1950: 51. - Hatch 1953: 238. - Gordon and Post 1965: 25. - WaUis 1973: 110.

Dytiscus sublimbatus LeConte, 1857: 34. (Type locality - “Prairie Paso”.). - LeConte 1863a: 18. - Gemminger and Harold

1868: 461. - Sharp 1882: 638. - Wickham 1895c: 122. - Leng 1920: 80. - Hatch 1928: 226.
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Diagnosis. — In the Alberta fauna, specimens of this species are separated from the group

of species which possess rounded metacoxal processes by the entirely yellow abdominal sterna

and reduced punctation of the metafemur.

Description. - Measurements of 25 Alberta specimens are: TL — 26.3 to 32.5 mm (X = 29.0 ± 1.2 mm); MW — 13.6 to

16.0 mm (X = 14.6 ± 0.6 mm); TL/MW - 1.9 to 2.1 (X = 2.0 ± 0.1).

Dorsal surface piceous to black; head, disc of pronotum, and on some specimens elytron, with green sheen. Head with

medial chevron large, lateral arms extended to relatively large anterolateral pale areas of frons, these on some specimens

extended posteriorly along inner margin of eye to about level of posterior inner angle; antenna with articles 1 and 2 testa-

ceous, outer articles darker, rufous; palpi, mouthparts and ventral surface of head testaceous. Pronotum with aU margins

distinctly bordered with yellow. Scutellum dark basally, piceous apically. Elytron without subapical transverse fascia but

apex irrorate with yellow. Ventral surface entirely testaceous except metasternum medially, metacoxal process and abdominal

sterna slightly darker, nrfous, and posterior margin of metacoxa with small elongate piceous spot. Legs testaceous except

meso- and metatibia, and tarsi, rufous, and pro- and mesofemora infuscate dorsally and apically on many specimens.

Male with punctation sparse and fine. Female with head finely and sparsely punctate, punctures best developed posterior-

ly on vertex; pronotum with lateral margins and lateral portions of disc with small but deep punctures, punctures finer and

smaller medially; elytron basally with sparse fine punctures, larger and denser toward apex; metacoxa, metafemur and meta-

tibia aU finely and sparsely punctate. Striate female v/ith similar pattern of punctation but punctures larger and more numer-

ous.

Posterior margin of clypeus arcuate, slightly produced medially onto frons; slightly raised and well delimited from frons

anterior to frontal fovea, less so medially and laterally. Metacoxal process (Fig. 250) rounded apically, bluntly pointed. Male

pro tibia with external lateral rows of setae separated basally; articles 1 to 3 of mesotarsus uniformly setose beneath, without

median glabrous area; apex of aedeagus elongate, simple (Fig. 259).

Taxonomic notes. — Specimens from eastern North America resemble Alberta specimens in

color, sculpture and most structural features. However, they differ by larger size (9 specimens

from Prince Edward Co., Ontario, UASM, have a mean length of 32.6 mm (30.5 to 34.2 mm))

and the striate form of female appears to predominate. In Alberta, specimens of the striate

female morph are rare (only one of the 27 females that I examined was striate).

Natural history notes. — Specimens were collected from a variety of habitats including per-

manent and temporary bodies of water, natural ponds and dugouts, and Typha, Carex and

bullrush marshes. Most locality records are represented each by a single specimen and I have

not seen a series of more than three specimens in the province. These observations suggest

that either the species occurs at very low densities in a wide variety of habitats or that miost

collections represent accidental occurrences and that the true habitat of the species has not

been discovered. Two specimens were taken at light on October 2, 1970 (Cereal, UC).

Distribution. — This transcontinental species ranges from New York State (UASM) to British

Columbia (Hatch, 1953). The northern and southern limits are not known. In Alberta, speci-

mens have been collected north to Ft. McKay. However, the species has been collected most

frequently on the prairies. I examined 45 specimens from Alberta localities (map. Fig. 460).

Dytiscus circumcinctus Ahrens, 1811

Dytiscus circumcinctus Ahrens, 1811: 55. (Type locality - not known to me.). — Gemminger and Harold 1868: 461. -

Sharp 1882: 641. - Wickham 1895c: 150. — Zimmermann 1920: 233. - Feng 1920: 81. - Hatch 1928: 227. — F. Bal-

four-Browne 1950: 275. - LaRivers 1951: 404. — Hatch 1953: 238. - Zaitsev 1953: 331. - Gordon and Post 1965: 25.

Dytiscus ooligbukii Kirby, 1837: 74. (Lectotype - here selected, female in BMNH labelled as follows: type (label inverted);

N. Amer. 6, 5783a; Dytiscus ooligbuckii Kirby, N. Amer., 5783 Rev. Wm. Kirby; Lectotype, Dytiscus ooligbukii Kirby,

selected D. Larson.) Not J. Balfour-Browne 1948. NEW SYNONYMY.
Dytiscus anxius Mannerheim, 1843: 218. (Type locality - Sitka Island, Alaska.). - Melsheimer 1853: 29. - LeConte 1858:

30. — LeConte 1859: 36. — Motschoulsky 1859: 166. — LeConte 1863: 18. — Gemminger and Harold 1868: 461. -

Crotch 1873: 408. - Sharp 1882: 773. - Horn 1883: 281. - Zimmermann 1920: 244. - Leng and Mutchler 1927: 18.

- Leech and Chandler 1956: 323. - Wallis 1973: 110.

Dytiscus albionicus Motschoulsky, 1859: 166. (Type locality - St. (San) Francisco, California.)

Dytiscus fuscostriatus Motschoulsky, 1859: 167. (Type locality - “Col. Ross’.’). - LeConte 1863a: 18. - Gemminger and

Harold 1868: 461. - Sharp 1882: 774. - Horn 1883: 281.

Dytiscus dauricus Anderson 1962: 73, not Gebler 1832. (Old World Synonymy omitted.)
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Diagnosis. — The combination of yellow inner margin of eye, almost entirely yellow abdo-

men, and acuminate metacoxal process allow specimens of this species to be readily recognized.

Description. - Measurements of 66 Alberta specimens are: TL - 27.5 to 34.0 mm (X = 31.2 ± 1.2 mm); MW - 13.0

to 17.1 mm (X = 15.8 ± 0.7 mm); TL/MW - 1.8 to 2.1 (X = 2.0 ± 0.05).

Color of dorsal surface brown to piceous or black, with green sheen on some specimens. Head with inner margin of eye

entirely ringed with yellow, or yeUow margin narrowly broken near inner posterior angle of eye on some specimens. Pro-

notum with all margins bordered with yellow. Elytron with yellow lateral margin narrowed toward apex, not or only nar-

rowly in contact with apex, latter irrorate with yellow or some specimens with vague subapical transverse yellow fascia.

Ventral surface rufotestaceous except metasternum medially and metacoxal process, darker rufous, margins of some thoracic

sclerites narrowly piceous; abdominal sterna entirely pale with basal margins of sterna 1 to 3, narrowly piceous. Legs testaceous

or rufotestaceous except posterior dorsal surface of pro- and mesofemora, and on some specimens pro- and meso tibia inter-

nally, piceous, and metatarsi infuscate.

Female striate or nonstriate. Nonstriate female head with small deep sparse punctures medially, punctures more distinct

behind; pronotum more or less evenly covered with small punctures; disc smooth and shiny medially with numerous minute

punctulae, dull laterally with very fine microreticulation; elytron with sparse fine puncture basally, punctures deeper and

denser toward apex and intermixed with large coarse punctures; metacoxa, metafemora and anterior margin of metatibia

with sparse coarse punctures. Striate females with similar pattern of sculpture but punctures much larger and denser, especial-

ly on pronotum and elytron. Male pattern of sculpture similar to that of nonstriate female, but punctures finer and sparser.

Metacoxal process (Fig. 251) with apex sharply pointed, acuminate. Female with clypeus and frons on same plane or

clypeus very slightly raised in form of low but sharp ridge.

Male with anterior and posterior series of exterior lateral protibial setae separated from each other by distinct gap. Meso-

tarsus articles 1 to 3 uniformly setose beneath. Aedeagus (Fig. 260) with apex elongate and narrow in lateral view; in ventral

view decidedly flared and spear-shaped.

Taxonomic notes. — Kirby’s description of D. ooligbukii was based on two female specimens,

one each of D. circiimcinctiis and D. dauricus. The “male” of D. ooligbukii (here selected as

lectotype) is actually a nonstriate female of D. circiirncinctus which has lost most of its legs

and all of its tarsi. J. Balfour-Browne (1948) interpreted D. ooligbukii as conspecific with D.

alaskanus Balfour-Browne.

The relationship between the specimens described here and the old world specimens of D.

circiirncinctus Alir. is uncertain. Many authors regard the North American form as a separate

species, but other authors follow Sharp (1882) and consider the two geographical groups as

conspecific, as I do. Also, the North American form is northern and transcontinental as are

many Holarctic species. If it is shown that the Old and New World forms are distinct, the name

D. ooligbukii Kirby has priority over the widely applied name D. anxius Mannerheim.

Natural history notes. — This species has very wide range of ecological tolerance, for speci-

mens occur in permanent fresh water as well as in temporary ponds and slightly alkaline or

saline sloughs. Teneral specimens were collected during the latter half of July indicating that

the immature stages are passed in spring and early summer. Several records of these insects

coming to street lights are available between September 15 and October 14. A series of 10

specimens collected from a narrow strip of open water between a sandy beach and the main

ice pack of Great Slave Lake, N.W.T. (Hay River, June 2, 1964, UC) suggests that these insects

flew into this site in the spring. A single specimen was collected while it was swimming under

2.5 feet of ice (Pine L., Alta., February 14, 1970, UC).

Distribution. — This Holarctic species ranges in North America, from Newfoundland to

British Columbia, and from California to Alaska. 1 examined 1 10 specimens from Alberta

localities (map. Fig. 461).

Dytiscus dauricus Gebler, 1832

Dytiscus dauricus Gebler, 1832: 39. (Type locality - unknown to me.). - Gemminger and Harold 1868: 461. — Sharp 1882:

643. - Wickham 1895c: 151. - Kincaid 1900: 370. - Schwarz 1904: 176. - Roberts 1905: 106. - Zimmermann 1919:

233. - Feng 1920: 81. - Zimmermann 1920: 247. - Hatch 1928: 227. - Brown 1930b: 237. - Hatch 1933b: 11. - Hatch

1953: 238. - Zaitsev 1953: 331. - Leech and Chandler 1956: 323. - Wallis 1973: 110.

Dytiscus confluens Say, 1834: 440. (Type locality - Maine.). — Melsheimer 1853: 29. - LeConte 1859: 554. — LeConte
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1863a: 18. — Gemminger and Harold 1868: 461. — Crotch 1873: 407.

Dytisciis franklinii Kirby, 1837: 77. (Lectotype - male in BMNH labelled as follows: type; N. Amer. 6, 5785 a, Leionotus

franklinii Kirby, N. Amer. 5785 Rev. Wm. Kirby; hQcioiy'()Q, Dytiscus franklinii Kirby, selected D. Larson.). - Melsheimer

1853: 29.

Dytisciis confinentiis LeConte 1850: 212.

Dytiscus diffinis LeConte, 1850: 212. (Type locality — Eagle Harbor, Lake Superior.). - Melsheimer 1853: 29.

Dytisciis ooligbukii htConXQ, 1850: 212. Not Kirby, 1837.

Dytisciis ventralis Motschoulsky, 1855: 79. (Type locality - not known to me.)

Dytiscus vexatus Sharp, 1882: 643. (Type - male in BMNH labelled as follows: Type; Russian America; Sharp Coll. 1905-

313; Dytiscus vexatus Sharp, type; Russian America,? anxius var., 946 Type mihi.) NEW SYNONYMY.

Diagnosis. - The acuminate metacoxal process, lack of yellow inner margin around the eye,

and basolateral piceous margins on the abdominal sterna, separate specimens of this species

from all other North American members of Dytiscus except those of D. alaskanus Balfour-

Browne. Large size, short broad apex of the aedeagus and raised posterior clypeal margin of

the female are generally reliable characters for separating specimens of D. dauricus from those

of D. alaskanus.

Description - Values for measurements of 28 Alberta specimens are: TL - 30.0 to 35.0 mm (X = 32.9 ± 1.3 mm); MW -

15.5 to 18.2 mm (X = 16.9 ± 0.7 mm); TL/MW - 1.86 to 2.03 (X = 1.93 ± 0.04).

Frons, disc of pronotum and elytron, black with green reflection. Head with frons black along inner margin of eyes;

antenna testaceous basaUy, outer articles darker rufous and each with distinct apical infuscation. Pronotum with aU margins

distinctly bordered with yeUow. ScuteUum black, apex piceous. Marginal band of elytron narrowed behind and not quite

in contact with sutural angle, apex of elytron irrorate with yellow; striate females with striae rufous or piceous, intervening

ridges black. Ventral surface predominantly rufotestaceous to rufous except metasternum piceous medially, metacoxal process

rufous, abdominal sterna lined with black anteriorly and posteriorly and each sternum basolateraUy with piceous or black

maculation, largest on sterna 2 and 3, smaller but evident on sterna 4 to 6. Legs mainly testaceous to rufous.

Nonstriate female with head evenly and moderately punctate, punctures deeper and more distinct toward hind margin;

disc of pronotum densely and more or less evenly punctate or with punctures somewhat sparser on mediolateral portion;

disc of elytron very finely punctate basaUy, punctures larger and denser toward apex; metacoxa evidently but finely and

sparsely punctate; metafemur with punctures fine but distinct. Striate female with similar pattern of punctation but punctures

larger and denser on comparable portions of body. Male with punctation much finer and sparser than on nonstriate female.

Metacoxal process (Fig. 252) sharply pointed, acuminate apically. Male with anterior and posterior rows of external

protibial setae separated by distinct gap dorsaUy; articles 1 to 3 of mesotarsus uniformly setose beneath; aedeagus (Fig. 261)

with apex short and blunt, broadly flanged laterally. Female with posterior margin of clypeus raised above level of frons

in form of distinct ridge.

Taxonomic notes. — I examined the type of D. franklinii Kirby and agree with the synonymy

proposed by LeConte ( 1 863). The specimen described by Kirby as the female of D. ooligbukii

belongs to this species. See under “Taxonomic Notes” of D. circumcinctus for further details.

The type specimen of D. vexatus Sharp is small for this species, but the apex of the aedeagus

is of the same shape as that of typical specimens of D. dauricus. This name is not a synonym

of D. marginicollis LeConte as Hatch (1928) indicated.

I have not noticed any pronounced pattern of variation in this species. Both striate and non-

striate females appear to occur in about equal frequency in Alberta.

Natural history notes. - This species is primarily in the forested portions of the province.

However, specimens were collected along the eastern and southern limits of the parkland. Most

specimens collected by me were among emergent Carex or in flooded grasses along margins

of beaver ponds, slow brown water streams, and other bush- or tree-ringed permanent ponds

and lakes. Teneral specimens were collected from August 5 to 18. A male was taken at light

on September 28 (Calgary) and I saw a female specimen from Carlton Co., Minnesota (A.

Raske Collection) collected at light on April 22.

Distribution. — This Holarctic species is transcontinental in North America, from New Hamp-

shire to Alaska and south to northern California, and is in the eastern Palearctic region. I ex-

amined 45 specimens from Alberta localities (map. Fig. 462).

Quaest. Ent, 1975, 1 1 (3)



404 Larson

Dytiscus alasharms J. Balfoiir-Browne, 1944

Dytiscus alaskanus J. Balfour-Browne, 1944: 356. (New name for parvulus Motschulsky.)

Dytiscus parvulus Motschulsky, 1852: 77. (Type locality - “insulae Kadjak”, Alaska) (not seen, from J. Balfour-Browne,

1944.). Not Muller, 1776 et al. - Mannerheim 1853: 154. - LeConte 1863a: 18. - Gemminger and Harold 1868: 462.

- LeConte 1869: 370. — Sharp 1882: 642. — Leng 1920: 81. — Zimmermann 1920: 253. - Hatch 1928: 227. - Brown

1930b: 237. - WaUis 1973: 110.

Dytiscus ooligbiickii J. Balfour-Browne, 1948: 161. Gordon and Post 1965: 25.

Dytiscus oolibuckii Wditch., 1953: 238.

Dytiscus ooUgbukii Anderson, 1962: 73. Not Kirby 1837: 74.

Diagnosis. - Members of this species closely resemble specimens of D. dauricus but usually

can be recognized by smaller size, and less broadly expanded dark marks on the abdominal

sterna. Females of the two species are consistently separated by the structure of the clypeus:

on specimens of D. dauricus, the hind margin of the clypeus is raised above the level of the

anterior margin of the frons throughout its length, while on specimens of alaskanus the clypeus

and frons medially are in the same plane and meet without formation of a definite ridge. Males

are best separated by differences in form of the apex of the aedeagus.

Description. - Measurements of 75 specimens from George L., Alta., are: TL - 22.6 to 30.2 mm (X = 27.4 ± 1.3 mm);

MW - 11.5 to 15.0 mm (X = 13.7 ± 1.0 mm); TL/MW - 1.8 to 2.1 (X = 2.00 ± 0.06).

Frons, disc of pronotum and disc of elytron, piceous to black, with faint green reflection on many specimens. Frons

with anterolateral angles above base of antenna and chevron between eyes, testaceous; arms of chevron on some specimens

extended to anterolateral pale areas; antenna testaceous basally, outer articles darker; palpi pale except apex of terminal

article of each palpus infuscate; head with ventral surface testaceous. Pronotum with aU margins broadly bordered with

yellow. Elytron with yellow lateral border not attaining apex; apex irrorate with yellow; striate female with striae yellow,

ridges dark. Ventral surface testaceous except sclerites of thorax with margins narrowly black, metasternum dark rufous

to piceous medially, metacoxal process rufous, abdominal sterna with basal and apical margins narrowly black, and sterna

2 and 3 each with distinct dark basolateral mark. Legs mainly testaceous to rufous.

Punctation of body similar to that of D. dauricus. Female with disc of pronotum more or less evenly punctate and elytron

smooth or striate.

Frons separated from clypeus medially by distinct suture and frons and clypeus on same plane along suture, union between

them smooth. Metacoxal process (Fig. 253) with apex sharply pointed. Aedeagus similar to that of Z). dauricus but apex

more produced and slenderer (Fig. 262).

Taxonomic notes. — J. Balfour-Browne (1944) showed that the name Dytiscus parvulus

was a junior homonym several times over, and proposed the replacement name D. alaskanus

for this well known species. Later, he stated that alaskanus was a junior synonym of D. oolig-

bukii Kirby, and since that date, (1948), D. ooUgbukii (or some misspelt form of this name)

was applied to this species. Neither of the Kirby type specimens belong to this species. There-

fore, D. alaskanus is the oldest available name for this species.

Over most of the range of D. alaskanus, females are constantly striate. However, nonstriate

females are represented from the following localities; Alberta, Hwy. 35, 5.6 mi S Alta. - NWT
border; NWT, Simpson Islands, Great Slave Lake; Yukon, Chappie L., 65°47' N, 134°56' W.

Perhaps this morph is restricted to the northwestern portion of the species range. A similar

pattern of variation was observed for D. lapponicus Gyllenhal in Europe (F. Balfour-Browne

1950: 280).

Natural history notes. — This species occurs throughout the province in both prairie and

forest zones. Specimens of D. alaskanus are usually in warm, exposed permanent ponds and

sheltered lake margins, most often in water 10 to 18 inches deep and near the outer limit of

the zone of emergent plants. About half the localities are represented by single specimens,

but I collected many long series also. This is the only species of Dytiscus that 1 have found

regularly in loose aggregations.

Specimens were found in copulation from May 3 to May 31. Teneral specimens were collected

from July 3 to October 13. A single male was collected when it swam through a hole in the ice

of Hastings Lake on March 19. The only flight record that I have seen is May 3 (Severin Creek
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Reservoir, UC).

Distribution. — This Nearctic species ranges from Newfoundland (UASM) to Alaska and

south to South Dakota and Utah, and throughout the province. 1 examined 256 specimens

from Alberta localities (map. Fig. 463).

Genus Hydaticus Leach, 1817

Hydaticiis Leach, 1817: 69. (Type species - the ?2L\&axcX\c Dytiscus transversalis Pontoppidian, designated by Curtis, 1825).

The North American members of this genus are separated from members of other genera

of Dytiscinae by moderate size, subparallel shape, acute metatibial spurs and straight antero-

lateral margin of the metasternal wing.

Characteristics of the genus are: Dytiscinae of moderate size; body elongate-oval in outline, evenly rounded anteriorly

and posteriorly with side margins almost parallel at middle; dorsal surface distinctly convex; color and sculpture various,

female with elytron not longitudinally sulcate or striate; metasternal wing with anterolateral margin straight; metatibia

with spurs acute; female metatibia with natatorial setae along posterior margin; male pallette of protarsus and articles 1 to

3 of mesotarsus with numerous round discs on ventral surface, without adhesive hairs; male protarsal article 2 with dorsal

surface densely pitted in form of fUe of stridulatory organ (Larson and Pritchard, 1974); male genitalia membrane uniting

dorsal margins of parameres with medial sclerite; paramere subequal in length to aedeagus; female with valve of ovipositor

elongate, laterally compressed, sclerotized.

This genus includes a large number of described species which in aggregate have an almost

world-wide distribution. Between three to five species occur in North America north of Mexico.

However, the limits of the species are not understood and the genus requires revision.

Watts (1970) described larvae of the single Alberta species.

Hydaticus modestus Sharp, 1882

Hydaticus modestus Sharp, 1882: 650. (Type - male in BMNH labelled as follows: Type H.T.; 1295; Am. bor. 1037 modestus;

Sharp coU. 1905-313.). - Horn 1883: 280. - Wallis 1939a: 126. - Blackwelder 1939: 16. ^ Hatch 1953: 235. - Leech

and Chandler 1956: 322. - Anderson 1962: 73. - Gordon and Post 1965: 23. - Wallis 1973: 110.

Hydaticus americanus Sharp, 1882: 651. (Lectotype (here selected) - female in BMNH labelled as follows: Type H.T. (label

reversed); Red River, Am. bor. 1035 americanus; Sharp Coll. 1905-313). Horn 1883: 280.

Dytiscus stagnalis auctorum, not Fabricius 1781: 191. - Crotch 1873: 404. - Sharp 1882: 652. - Wickham 1895: 150. -

Blatchley 1910: 232. — Zimmermann 1919: 225. - Leng 1920: 81. - Zimmermann 1920: 226. — V/allis 1939a: 127.

- F. Balfour-Browne 1950: 300. - Zaitsev 1953: 307. - Watts 1970: 727.

Hydaticus laevipennis Blatchley, 1910, not Thomson 1867: 88.

Hydaticus bimarginatus Wickham, 1895c, not Say, 1834: 556.

Diagnosis. — (Fig. 9). The single Alberta species is recognized by characters presented in

the key to genera and in the generic description.

Description. - Measurements of 40 specimens from various Alberta localities are: TL - 12.40 to 13.76 mm (X = 13.20

± 0.40 mm); MW - 6.64 to 7.60 mm (X = 7.06 ± 0.20 mm); TL/MW - 1.81 to 1.96 (X = 1.87 ± 0.04).

Head black except labrum, clypeus, anterior portion of frons and two small spots between eyes, rufous; antenna testaceous

except outer articles infuscate; palpi pale. Pronotum rufous except broad piceous or black band along basomedial margin.

ScuteUum piceous. Male elytron black except lateral margin and on some specimens a narrow sub-basal transverse band,

testaceous to rufous. Female elytron various, darkest specimens similar to male but most specimens with five or six longitudinal

pale vittae on disc of each elytron. Ventral surface piceous to black except epipleuron and ventral portions of prothorax ,

testaceous to rufous, and abdominal sterna 2 to 5 each with small lateral rufous spot. Prolegs and mesofemora rufous, other-

wise legs piceous to black.

Male elytron with coarsest punctures (other than longitudinally arranged serial punctures) small and shallow, interspaces

very finely but densely micropunctate and entire disc with fine isodiametric sculpture. Female with sculpture of elytron simi-

lar to that of male or many specimens with deep irregular grooves on basal and lateral portions of elytron and also on lateral

portions of pronotum.

Taxonomic notes. — Wallis showed that this species is distinct from H. stagnalis Fabricius

and that the latter does not occur in North America. Wallis suggested that H. cinctipennis

Aube (1838: 191) may be conspecific with//, modestus but because of lack of sufficient evi-

dence, he regarded each as a distinct species. The status of these is still undecided. If both
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names apply to the same species, the name H. cinctipennis has priority.

Blatchley’s description of H. laevipennis does not differentiate it from males or non-vittate

females of H. modestus, hence it seems likely that he assigned vittate females to H. stagnalis

and males and non-vittate females to H. laevipennis. No other author has recognized laevipen-

nis Thomson from North American and the name H. laevipennis is now regarded as a junior

synonym of the name H. stagnalis.

I examined the types of Sharp’s species and agree that H. americanus is a lightly sculptured

female of H. modestus on which the pale elytral vittae are exceptionally well developed. The

single male type of H. modestus is identical to Alberta specimens.

Natural history notes. - This species occurs throughout the province and while it is not

common anywhere, it was more frequently collected in forested areas than on the prairies.

Most specimens were amid very dense detritus or emergent vegetation, usually Carex, along

margins of small ponds. Many teneral specimens were collected from August 29 to September

1 5. I have not seen records of flight.

Distribution. - This transcontinental species ranges from New England to British Columbia

and south to Utah and California. I examined 176 specimens from Alberta localities (map.

Fig. 464).

Genus Graphoderus Dejean, 1833

Graphoderus Dejean, 1833; 61. (Type species - Dytiscus cinereus L. (Opinion 619, Bull. Zool. Nom. 18, 1961).)

Graphoderes Thomson, 1860: 38.

This genus of moderate sized species is widely distributed in the Holarctic region. Four or

five species occur in North America, of which three are in Alberta. The habitus of these insects

is distinctive and separates them from members of all other Alberta genera except Acilius. The

beetles are broadly oval in outline and strongly dorsoventrally flattened.

Characters common to the three Alberta species are: - Dytiscinae of moderate size, TL - 11.1 to 15.0 mm: body broadly

oval in outline, rarely almost subparallel medially; dorsoventrally flattened; punctation of dorsal surface generally fine and

sparse; female with elytron not longitudinally sulcate or striate; metacoxal wing with anterolateral margin arcuate; metatibia

with spurs finely emarginate at apex; male pallette of protarsus with number of large rounded discs on ventral surface; meso-

tarsal articles 1 to 3 with discs or not; paramere subequal to or longer than aedeagus; female with valves of ovipositor short,

pointed and strongly sclerotized.

The larva of a Manitoban species (probably G. perplexus Sharp) has been described by Watts

(1970).

Various authors considered one or more of the North American species conspecific with

various Old World species. However, Wallis (1939b) reviewed the North American species and

concluded that they are distinct from Palearctic species. His history of the various proposed

synonymies is reproduced here. The following key to Alberta species is based on Wallis’ key

to the North American species.

Key to the Alberta Species of Graphoderus Dejean

1 Pronotum without distinct black markings G. liberus (Say), p. 407
1’ Pronotum with anterior and posterior transverse black marks 2

2(1’) Pronotum with anterior and posterior marks separated from margins by distinct

testaceous or rufous borders; male articles 1 to 3 of mesotarsus with adhesive discs

on ventral surface G. perplexus Sharp, p. 407

2’ Pronotum with anterior and posterior transverse marks continuous with front and

hind margins respectively; male mesotarsus without adhesive discs on ventral surface

G. occidentalis Horn, p. 408
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Graphodenis liberus (Say, 1825)

Dytiscus liberiis Say, 1825: 160. (Type area - New York and Massachusetts.). - Melsheimer 1853: 30. - LeConte 1863a:

17. - Gemminger and Harold 1868: 466. - Crotch 1873: 403. - Sharp 1882: 692. - Wickham 1895c: 152. - Blatchley

1910: 235. - Ziminermann 1919: 231. - Leng 1920: 81. - Wallis 1939b: 130. - Hatch 1928: 229. - Hatch 1953: 237.

- Wallis 1973: 111.

Dytiscus thoracicus Harris, 1828a: 156. (Type locality - not stated.)

Colymbetes rugicollis Kirby, 1837: 73. (Type locality - Nova Scotia.)

Hydaticus bninnipennis Aube, 1838: 203. (Type locality - United States.)

Diagnosis. — The combination of relatively small size and the entirely testaceous to rufous

head and pronotum make this one of the most distinctive dytiscid species in the fauna.

Description. - Measurements of five Saskatchewan and Northwest Territories specimens are: TL - 11.15 to 11.90 mm
(X = 11.54 ± 0.30 mm); MW - 6.40 to 7.00 mm (X = 6.80 ± 0.20 mm); TL/MW - 1.61 to 1.75 (X = 1.70 ± 0.05).

Head testaceous except basal half of frons rufous: antenna pale except outer articles, article 3 of most specimens included,

infuscate, at least apically; palpi pale except terminal article of each palpus infuscate apically. Pronotum testaceous laterally,

disc rufous. Elytron testaceous except vermiculate dark mark, medially on disc maculations fused but with network of ir-

regularly shaped pale meshes. Ventral surface and legs, testaceous to pale rufous.

Elytron finely but densely punctate, punctures dual, larger ones sparse and shallow, difficult to see on some specimens

and separated by numerous smaller punctures.

Male paUette of protarsus with three large basal and about seventeen or eighteen smaller, adhesive discs on ventral surface;

meso tarsus articles 1 and 2 together with six smaU adhesive discs on ventral surface; protarsal claws subequal in length, similar

in shape. Aedeagus short and broad, apex very shallowly bisinuate but not strongly trilobed; paramere subequal in length to

aedeagus, apex broadly rounded or obliquely truncate in lateral view.

Taxonomic notes. - LeConte (1859) suggested the synonymy presented above.

Natural history notes. — This is one of the most uncommon species of dytiscids in the fauna,

with only two Alberta specimens known. Two specimens that I collected at Simpson Is., Great

Slave L., N.W.T. were amid aquatic vegetation along a steep shoreline of a small brown-water

lake. Saskatchewan specimens, as well as the two Alberta specimens, were also taken from small

permanent lakes situated in forested areas. The Northwest Territories specimens were teneral

(August 10).

Distribution. - This transcontinental species ranges from New York and Nova Scotia to

British Columbia and north to Great Slave Lake. The species is apparently much more common
in the east and the west than in Alberta. I examined two Alberta specimens from the following

localities (Fig. 465).

Lost L., W Calgary (D. Carr, CARR); Winchell Coulee nr. Water Valley (CARR).

Graphoderus perplexus Sharp, 1882

Graphoderus perplexus Shaxp, 1882: 695. (Type - 9 in BMNH labelled as follows: Lectotype; Type (label inverted); U.S.,

E.D.; Sharp CoU. 1905-313; U.S. Am. bor. E. Doubleday, 994, perplexus.). - Leng 1920: 81. - Wallis 1939b: 130. -

Blackwelder 1948: 4. - Hatch 1953: 236. Anderson 1962: 74. - Gordon and Post 1965: 24. - Wallis 1973: 111.

Graphoderus elatus Sharp, 1882: 695. (Type locality - Red River, North America.)

Graphoderus cinereus Horn, 1883: 280. Not Linnaeus, 1758.

Graphoderus zonatus Zimmermann 1919: 231. Not Hoppe, 1795.

Graphoderus zonatus Hatch, 1928, Not Hoppe, 1795.

Diagnosis. — The black pronotal fasciae which are separated from anterior and posterior

margins of the pronotum by well defined testaceous or rufous areas, characterize this species.

Description. - Measurements of 20 specimens from pooled Alberta locahties are: TL - 14.00 to 15.00 mm (X = 14.65

± 0.30 mm); MW - 8.25 to 8.80 mm (X = 8.50 ± 0.15 mm); TL/MW - 1.66 to 1.78 (X = 1.72 ± 0.03).

Head testaceous to yellow except frons with posterior margin, an anterior prolongation of basal margin along inner margin

of each eye, and inverted V-shaped maculation medially on frons, piceous to black; antenna pale except articles 5 to 11 infuscate

apically; palpi testaceous except terminal article of each palpus infuscate apically. Pronotum testaceous except two transverse

piceous fasciae submarginally to anterior and posterior borders respectively: neither fascia in contact with border of pronotum

but separated by evident testaceous or rufous band. Elytron testaceous except disc with vermiculate black marks laterally,

medially marks coalescent in form of black mesh-work enclosing rounded pale spots. Ventral surface pale rufous. Legs testaceous

to pale rufous except metatarsi and also metatibia on some specimens darker, rufous to piceous.
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Elytron with small more or less evenly scattered punctures; interspaces finely and densely micropunctate with fine shallow-

ly impressed reticulate sculpture.

Pronotum with posterolateral angle relatively shortly produced, broadly rounded. Male pallette of protarsus with three

large and 25-35 smaller rounded adhesive discs on ventral surface; mesotarsus articles 1 to 3 dilated and together with 13-17

adhesive discs; protarsal claws short, arcuate, similar in shape but anterior claw slightly longer than posterior. Aedeagus with

apex strongly trilobed in ventral view; aedeagus narrow, relatively long; paramere longer than aedeagus, with apex bluntly

pointed and bearing dense, short setae on inner margin.

Taxonomic notes. - Wallis (1939) showed that this species is distinct from the eastern North

American G. fascicollis (Harris) and from the Palearctic species G. zonatus (Hoppe).

Natural history notes. — Specimens of G. perplexus are in the zone of emergent vegetation

of warm exposed ponds throughout the province. This species and G. occidentalis frequently

occur together, but G. perplexus inhabits cooler water and more shaded situations. Teneral

specimens of G. perplexus were collected from July 22 to September 3 suggesting that the life

cycle is completed earlier in the season than the life cycle of G. oceidentalis.

Distribution. — This species is restricted to northwestern North America, from Manitoba

to Utah and British Columbia and north to at least Great Slave Lake (UC). I examined more

than 300 specimens from Alberta localities (map. Fig. 466).

Graphoderus oeeidentalis Horn, 1883

Graphoderus occidentalis Horn, 1883; 281. (Type area - “California and Washington Territory”.). - Leng 1920: 81. - Hatch

1928: 227. - WaUis 1933b: 278. - WaUis 1939b: 130. - Hatch 1953: 236. - Leech and Chandler 1956: 322. - Anderson

1962: 74. — Gordon and Post 1965: 24. — WaUis 1973: 111.

Diagnosis. — Specimens resemble those of G. perplexus but are smaller, the black pronotal

fasciae attain the front and hind margins of the pronotum, the male protarsal claws are very

dissimilar in shape, and the male mesotarsus lacks adhesive discs on its ventral surface.

Description. - Measurements of 20 specimens from Finnegan, Alberta, are: TL - 11.15 to 13.75 mm (X = 12.65 ± 0.60

mm); MW - 6.45 to 7.80 mm (X = 7.05 ± 0.35 mm); TL/MW - 1.73 to 1.84 (X = 1.79 ± 0.03).

Color similar to that of G. perplexus but differing as follows: head with black markings more expanded, lateral wings of

V-shaped mark on frons in contact with anterior mark along inner margin of eye enclosing pair of isolated rufous spots on frons;

many specimens with pair of smaU dark spots on anteromedial portion of frons; pronotum with transverse fasciae broad,

anterior and posterior fasciae continguous with front and hind margins of pronotum respectively.

Punctation of elytron coarser than in specimens of G. perplexus, disparity in size between larger and more numerous

smaU punctures less distinct; interspaces with fine reticulate sculpture.

Pronotum with posterolateral angle prolonged posteriorly, acute but narrowly rounded apically. Male pallette of protarsus

with 14-15 large rounded adhesive discs on ventral surface; mesotarsus articles 1 to 3 not dilated, without adhesive discs

beneath; protarsal claws dissimilar in size and shape; posterior claw about two thirds length of anterior, narrower, sinuate

ventraUy and arcuate in dorsal view. Aedeagus with apex shortly trilobed in ventral view; median lobe narrow but short;

paramere longer than aedeagus; evenly narrowed and sharply pointed apically; internal subapical margin very inconspicuously

setose.

Taxonomic notes. — Horn’s original description was very explicit and there has been no

subsequent confusion regarding the recognition of this species.

Natural history notes. — Adults live in the emergent vegetation zone of warm exposed ponds

both permanent and temporary, as well as slow, weedy creeks throughout the province, but

most abundantly in prairie and parkland regions. The majority of the northern records are from

collections made in artificial habitats such as borrow-pits, roadside ditches and drainage ditches.

Numerous teneral specimens were collected during September and October but a few slightly

teneral individuals were taken in May and June. These latter specimens probably overwintered

as adults but either emerged late in the fall or were slow to mature.

Distribution. — The known distribution of the species includes much of western North Am-
erica, from Minnesota (Raske, UC) and Manitoba to Utah and northern California, and north

at least to Hay River, N.W.T. I examined more than 340 specimens from Alberta localities (map.

Fig. 467).
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Genu'S, Acilius Leach, 1817

Acilius Leach, 1817: 69, 72. (Type species - Dytiscus sulcatus Linnaeus (Opinion 619, Bull. Zool. Nom. 18 (1961)).

This small genus has an Holarctic distribution, with three species in the Old World, and six

described and several undescribed species in North America (Hilsenhoff, 1975). None of the

species are Holarctic.

Members of this genus closely resemble specimens of Graphoderus, differing primarily in

sexual characters. The three Alberta species possess the following combination of characters:

Dytiscinae of moderate size; body broadly oval in outline, strongly dorso-ventrally flattened; dorsal surface distinctly punctate;

female with elytron longitudinally sulcate, sulci with numerous suberect setae; metacoxal wing with anterolateral margin

arcuate; metatibia with spurs finely emarginate apicaUy; male pallette of protarsus with large anterobasal disc, two small

posterobasal discs, and two dense patches of adhesive setae on distal portion of ventral surface; mesotarsus without adhesive

scales or hairs but ventral apical angle of each of articles 1 to 3 with tuft of setae; male genitalia with parameres subequal

in length to aedeagus; female with ovipositor greatly elongate, not strongly sclerotized.

Wilson (1923) and James (1970) described the larva of A. semisulcatus Aube.

Key to Alberta Species oi Acilius Leach

1 Ventral surface of meso- and metathorax and abdominal sterna, at least medially

and basally, piceous to black A. semisulcatus Aube, in part, p. 409

r Ventral surface testaceous to rufous, at most sutures between sclerites piceous to

black and some specimens with basal margin of each abdominal sternum, piceous

2

2 (L) Elytron with pale subapical transverse fascia, latter broken and somewhat indistinct

on some specimens; aedeagus with apex not produced into rounded crest (Fig. 265);

female elytron with sulci with dark brown or piceous setae

A. Mannerheim, p. 410

T Elytron without pale subapical transverse fascia; aedeagus with ventral surface of

apex produced as prominent, rounded crest (Fig. 266); female elytron with sulci

with golden or pale brown setae A. athabascae new species, p. 410

Acilius semisulcatus Aube, 1838

Acilius semisulcatus Aube, 1838; 132. (Type locality - “Etats-Unis”.). - LeConte 1850: 212. - LeConte 1863a: 17. - Crotch

1873: 401. - Sharp 1882; 674. - Horn 1883: 280. - Wickham 1895c: 151. - Blatchley 1910; 233. - Zimmermann

1919: 232. - Carr 1920: 4. - Leng 1920: 81. - Brown 1930b; 237. - Hatch 1933b: 11. - J. Balfour-Browne 1948:

161, 164. - LaRivers 1951: 404. - Hatch 1953: 236. - Young 1954: 119. - Leech and Chandler 1956: 322. - Anderson

1962; 73. - Gordon and Post 1965: 23. - Malcolm 1971; 30. - Wallis 1973: 110.

Acilius abbreviatus auctorum, not Mannerheim, 1853.

Diagnosis. — Diagnostic characteristics are in the key to species.

Description. - Measurements of 30 specimens from various localities in northern Alberta, are: TL - 12.00 to 14.24 mm
(X = 13.32 ± 0.50 mm); MW - 7.04 to 8.56 mm (X = 7.81 ± 0.40 mm); TL/MW - 1.76 to 1.88 (X = 1.83 ± 0.03).

Head testaceous to pale rufous except posterior margin and M-shaped maculation on frons, brown to piceous; antenna

yellow except articles 4 or 5 to 11 each with apex infuscate; palpi yeUow except terminal article of each palpus with apex

piceous. Pronotum with disc yellow to testaceous except two medial transverse piceous or black vittae; anterior vitta longer

than posterior, with lateral arms reflexed posteriorly, parallel with lateral margin of pronotum and extended to about level

of lateral portions of posterior vitta; vittae separated, or on some specimens very narrowly united along mid-line and also

between posterolateral angle of anterior vitta and lateral portion of posterior vitta; punctures on pale portions of disc not

or only faintly infuscate. Elytron testaceous, irrorate with brown or piceous spots; irrorations larger and denser medially and

apically on disc and fused as more or less continuous dark areas, especially anterior to and posterior to subapical transverse

pale fascia; latter narrow, anterior border more or less evenly arcuate, strongly delimited and clearly evident on most specimens;

female with setae of elytral sulci piceous. Ventral surface mainly black: sclerites of pterothorax and abdominal sterna, at

least medially and basally, piceous to black. Legs mainly yellow except metatibia and metatarsi darker, rufous to brown on

most specimens.

Body densely punctate. Elytron with large punctures distinctly crescent-shaped, at least basally.
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Pronotum with base sinuate laterally; posterolateral angle acutely produced but with apex narrowly rounded. Mesotibia

with posterior (longer) spur shorter than combined length of mesotarsal articles 1 to 3.

Male with claws of pro- and mesotarsi short (Fig. 263); anterior protarsal claw longer and broader than posterior but

otherwise similar in shape. Mesotarsus articles 1 to 3 each with tuft of stiff setae on posteroapical angle of ventral surface;

setal tufts smaller than those of A. athabascae. Aedeagus as in Fig. 265, without apical ventral crest; paramere with spines

on inner dorsal surface very small and sparse.

Taxonomic notes. - Various authors have regarded A. semisulcatus as a widespread varied

polytypic species, including forms named A. abbreviatus and A. latiusculus LeConte. However,

Hilsenhoff (1975) showed that this taxon is actually a complex, with the forms named asH.

abbreviatus Mannerheim, A. latiusculus LeConte and A. sylvanus Hilsenhoff being specifically

distinct from one another and from A. semisulcatus. When so restricted, A. semisulcatus is

a rather homogeneous species.

Within Alberta, A. semisulcatus and A. abbreviatus are allopatric, with populations of the

latter restricted to the southwestern portion of the province and those of the former occupying

the remaining forested regions, including the Cypress Hills. Some specimens from the northern

headwater regions of the Old Man River and the Porcupine Hills appear to be intermediate in

color between the two species, but the length of sulci on the female elytra indicates they are

best assigned to A. abbreviatus. Nevertheless, Hilsenhoff records the two species as sympatric

at Fairbanks, Alaska.

Natural history notes. — This species inhabits permanent ponds in or near forested regions,

usually fairly open vegetation in water depths of up to several feet. Beetles are often active

during the day and many specimens were captured after they were observed swimming. The

larva and life history have been well described by James (1970). The larvae are more or less

pelagic, and during June and July are seen in many ponds where they form loose associations

swimming in open water adjacent to beds of aquatic plants. Teneral specimens were collected

between July 13 and September 1.

Distribution. — This species is transcontinental, ranging from Newfoundland (CNC) to Alaska

(Kenai Peninsula, CNC) and south to California. The species occurs throughout the forested

portions of Alberta. I examined 195 specimens from Alberta localities (map. Fig. 468).

Acilius abbreviatus Mannerheim, 1 843

Acilius abbreviatus Mannerheim, 1843: 219. (Type locality - not stated, probably Sitka). - Aube 1838: 132 (nomen nudum).
- Crotch 1873: 401. - Hatch 1953: 236. - Hilsenhoff 1975: 273.

Acilius oregonensis Crotch, 1873: 402. (Type locality - “Oregon”). Hilsenhoff 1975: 271.

Diagnosis. - The diagnostic features are presented in the key to species.

Description. - Very similar to semisulcatus in size and general appearance, but differing in the following ways: subapical

transverse fascia of elytron broader with anterior margin projecting slightly forwards laterally to suture; abdominal sterna

entirely testaceous or narrowly black along basal margin; female with elytral sulci longer than those of semisulcatus, the middle

two sulci originating on basal 20th of elytron, sulci with setae dark brown to piceous; male with anterior protarsal claw slightly

longer and less arcuate than that of semisulcatus; male genitalia very similar, parameres with spines on inner dorsal margin

longer, darker and more numerous.

Taxonomic notes. — See A. semisulcatus.

Natural history notes. — Specimens of this species were collected most frequently from the

emergent zone of beaver ponds.

Distribution. - Hilsenhoff (1975) records this species from Alaska to California and east

to Alberta, Wyoming and Colorado. In Alberta, specimens were collected from only the head-

waters of the Old Man River in the southwest. (Fig. 468).

Acilius athabascae new species

Holotype - 6, Prince Albert National Park, Saskatchewan (53°55'30" N, 106°33'15" W);
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June 30, 1972: R. Hare, A. Kooyman, D. Mayhood and R. Saunders; type no. 13033, CNC.

Allotype - 9, Hwy. 63, 14 mi S McMurray, Alberta; June 10, 1970; D. J. and D. N. Larson;

CNC.

Paratypes — 3 specimens from the following localities: ALBERTA — Hwy. 57, 7.5 mi W Alsike;

Sept. 15, 1973;C. D. Bird(l c5). NORTHWEST TERRITORIES - Fort Smith; June 2, 1950;

J. B. Wallis (1 9). ONTARIO (?) - Pembroke Lake (Grand Etang); Sept. 2, 1917; F. Johansen

(1 d).

Diagnosis. - The diagnostic characteristics of this species are summarized in the preceding

key to species.

Description - Measurements of 4 specimens are: TL - 13.76 to 14.56 mm (X = 14.18 mm); MW - 8.32 to 8.52 mm
(X = 8.41 mm); TL/MW - 1.66 to 1.71 (X = 1.69).

Head testaceous except narrow margin around eye, inverted V-shaped area medially on frons, small oval spot on frons

inside posterior inner margin of eye, and posterior margin, piceous to black; antenna yellow except articles 6 or 7 to 1 1 lightly

infuscate apicaUy; palpi yellow except terminal article of each palpus with apex infuscate. Disc of pronotum testaceous with

two transverse piceous fasciae; anterior fascia about one third length of pronotum behind anterior margin, subequal in length

to width of anterior pronotal emargination; posterior fascia situated halfway between anterior fascia and basal margin, not

so broad as anterior nor extending as far laterally, lateral portion shortly reflexed backwards; fasciae very nanowly contiguous

along midline, otherwise completely separated, disc submarginally to fasciae with punctures infuscate. Scutellum testaceous

to rufous medially, outer margins piceous. Elytron pale yellow with sutural margin narrowly piceous; disc irrorate with piceous

to black spots, these partly confluent (more so medially and apically on disc) in form of vermiculate marks; pattern of mark-

ings on disc more or less uniform, without or with only slightest tendency toward formation of postmedial darkened area

due to fusion of vermiculate markings; without pale crescentic subapical fascia. Ventral surface testaceous or with lightly in-

fuscated area on mediolateral portions of sterna 2 to 6. Legs testaceous to pale brown except metatibia and metatarsi slightly

darker.

Head with larger punctures best defined laterally inside eyes, punctures sparser and shallower medially; interspaces with

numerous small irregularly shaped punctulae (probably situated at intersections of lines of obsolete microsculpture) medially

in form of irregular grooves or rugae, deeper punctures obscured. Pronotum irregularly punctate, punctures various in size

and density over disc but sparser than those of A. semisulcatus; interspaces micropunctate, with only faintest rudiments of

microsculpture. Elytron of male with numerous coarse setiferous punctures on disc, each puncture with very short inconspicu-

ous dark brown or piceous seta; punctures more or less evenly distributed, smaller basally and separated by more than their

diameters, larger and closer medially; interspaces with about equally numerous small non-setiferous punctures and also micro-

punctate; large punctures irregularly rounded or somewhat truncated anteriorly, with no or only slight tendency toward

crescentic shape; microsculpture obsolete or with reticulations very fine. Female elytron with four broad longitudinal sulci,

origin of latter near base of elytron and continued almost to apex; each sulcus with numerous coarse setiferous punctures,

each with long semierect golden or pale brown seta; setae laterally compressed at base; costae between sulci densely but finely

punctate, with only very irregular sparse larger punctures; basal margin of elytron basal to sulci with scattered large and small

punctures, larger punctures not crescentic in shape: microsculpture obsolete. Metacoxal plates coarsely and densely punctate,

punctures isolated and separate medially but with tendency to transverse confluency laterally. Metafemur ventral face with

very small scattered punctures; metatibia with reduced punctation, only few coarse setiferous punctures toward base in ad-

dition to fine sparse micropunctation.

Pronotum with hind angle only shghtly produced posteriorly, base of pronotum very broadly and shallowly bisinuate.

Posterior mesotibial spur elongate, subequal in length or longer than combined length of mesotarsal articles 1 to 3.

Male with claws of pro- and mesotarsi very elongate (Fig. 264): anterior pro tarsal claw conspicuously longer and somewhat

stouter than posterior; mesotarsal articles 1 to 3 with dense brush of elongate stiff setae on posteroapical ventral surface;

mesotarsal claws similar in shape to protarsal claws but shorter. Aedeagus (Fig. 266) with pronounced ventral crest or hook

at apex.

Female with anterior protarsal claw elongate, longer than maximum length of protarsal article 5.

Taxonomic notes. - The species A. semisulcatus and A. athabascae differ from the Old

World species A. canaliculatus and A. sulcatus in shape of the aedeagus. In the Old World spe-

cies, the basal orifice is at an angle of about 45° to the longitudinal axis of the aedeagus and

the apex is laterally produced, while in the North American species, the basal orifice is more

or less horizontal to the longitudinal axis of the aedeagus and the apex is truncate or produced

medially. Also, males of A. canaliculatus and A. sulcatus have adhesive scales or discs on the

ventral surface of mesotarsal articles 1 and 2 while these are lacking from males of all North

American species of Acilius. These facts suggest that these North American species are more

closely related to one another than is any to the Old World species.

Etymology. - The name is derived from the Cree Indian word Athabasca which means
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“where there are reeds” (Kroetsch, 1968), and refers to the zone of emergent vegetation which

is the habitat of the species.

Natural history notes. — The holotype was collected during a Canadian Wildlife Service

survey of aquatic habitats in Prince Albert National Park, Saskatchewan, from Lake No. 601,

a small circular lake of 9.2 hectares in surface area with a maximum depth of 1.5 meters, sur-

rounded by a floating mat of Carex and situated in flat country forested with aspen and pine.

Water samples taken during August and September gave a pH of 8.4 and a conductivity of 280

micromhos/cm with the major cation Ca and the major anions CO3 and HCO3.

The allotype was collected from a patch of Typha growing in a recently dug borrow-pit

situated in an area of mixed forest.

The specimen from Pembroke Lake, collected September 2, is very teneral.

Distribution. — This species is known only from the type material. The label of the specimen

from Pembroke Lake is without indication of state or province. I have tentatively accepted the

locality as Pembroke Lake, Sudbury District, Ontario. Alberta collection localities are indicated

in Fig. 469.

ZOOGEOGRAPHY

The history of the fauna of a region is reconstructed by integrating inferences based on

geographical and ecological distribution of extant species with information about geological

climatic and floristic history. The dytiscid fauna of Alberta is diverse, and enough is known

to permit an initial attempt to reconstruct its history. However, data are so incomplete for

some species that they are excluded from the analysis.

Fossil evidence for tracing changes in the ranges of these beetles, is not available. Past move-

ments must be inferred on the basis of other evidence. This requires several assumptions:

a. each species has continued to occupy the same type of habitat in which it is currently

found and geographical changes in the distribution of a species’ habitat have similarly

affected the possible range of the species;

b. the non-glaciated portion of the range presently occupied by a species corresponds to

the general area (refugium) in which that species passed the glacial maximum; and

c. the presence of vicarious species, subspecies or morphologically defined geographical

races of a species indicates past geographical separation of the forms and their divergence

in isolation (Mayr, 1963).

Temperate and arctic dytiscid faunas of North America are probably of relatively recent

origin. The majority of genera of these regions are Holarctic as are some of the species. Much

of the temperate Holarctic fauna was developed through exchanges between North America

and the Old World (Darlington, 1957), with faunal exchanges between eastern and western

North America being important in development of cold temperate and arctic Nearctic fauna

(Ross, 1958). Most taxa of the present North American fauna probably originated prior to

late Pleistocene time. Nevertheless, the catastrophic and disruptive effects of the Pleistocene

glaciation had an overriding effect in shaping the distributional history of the present-day fauna.

Because the last of the major glacial advances, the Wisconsinan, virtually eliminated the Pleisto-

cene fauna of Alberta and obscured the effects of previous glaciations, the extant faunal assem-

blages originated with the beginning of the Wisconsinan retreat.

To trace the post-glacial history of the extant fauna, it is necessary to review the major events

of the Wisconsinan glaciation and their effects on distribution of the broader types of Holocene

habitats in Alberta.

The major events of the Pleistocene history of Canada were documented by Flint (1957)

and Prest (1968, 1969), and the glacial history of western Canada was summarized by McPhail
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and Lindsey (1970) and Nimmo (1971). Rate of retreat of the Wisconsin Laurentide Ice Sheet

and associated climatic conditions are discussed by Andrews (1973). However, certain biologi-

cally important information is not complete such as boundaries and extent of refugial areas,

climatic conditions, and periglacial effects on the biota.

In general, the Wisconsin Period began about 50,000 years before present, and attained its

maximum extent in western Canada about 17,000 years B.P. At that time, almost all of Alberta

was covered with ice: westerly areas by the eastern edge of the Cordilleran ice mass; and the

remainder of the province, excepting the Cypress Hills and an area in the foothills of south-

western Alberta, by the southwesterly advance of the Laurentide ice sheet (Prest, 1968). On
the other hand. Reeves (1973) postulates that in late Pleistocene time, the Laurentide and

Cordilleran ice sheets did not coalesce to form a broad expanse of solid ice, but rather “in the

last 100,000 years or so, this so-called barrier probably consisted of the coalescence during a

few thousand years of a few mountain piedmont lobes with the Laurentide ice sheet for rela-

tively short distances. Large ice-free areas continued throughout the late Quaternary that pre-

sented no physiographic barriers to human movement”. Reeves did not speculate on the environ-

ment of this corridor.

Prest (1968) points out that events and chronology of the Pleistocene in the southern Cana-

dian plains are not well known. Some authors place the southern limit of the Classical Wisconsin

advance south of 49°N, while others suggest that is is well north of the Cypress Hills. Prest

(1968, 1969) suggests that at about 17,000 years B.P. the glacial limit was south of 49°N in

Alberta, except for an area along the foothills which included the Porcupine Hills. By about

12,500 years B.P., the glacial limit was in central Alberta, and by 10,000 years B.P. the ice

margin had retreated to the northeast and most of Alberta, the southern two-thirds of Saskat-

chewan, and the southern half of Manitoba were ice-free.

At maximum extent of glaciation, the environment of most of Alberta was unsuitable for

most plant and animal life, hence the present biota is the result of post-glacial dispersal from

ice-free areas (refugia). If the dates presented by Prest (1968) are correct, the present Alberta

biota colonized most of the province within the last 1 7,000 years.

The principal refugium for North American organisms during the Wisconsinan was south

of the maximum ice advance. Movements of the biota during the glacial advance are not com-

pletely known, but good evidence is available for a southward shift in the ranges of many species

(Martin, 1958; Terasmae, 1973). Love (1959) suggests that the Laurentide ice mass separated

the true tundra from the boreal flora and thus the southern edge of the advancing ice was not

preceded by a true tundra zone in central North America. This was substantiated by Ritchie

(1969) and Wright (1970). Love suggests that the advance was rapid enough to permit the ice

to override previously existing floras and that there was not a southern shift of floral zones

ahead of the advancing ice, in this respect agreeing with Hulten (1937) in his contention that

the glacial advance resulted in extermination rather than a shift in the biota. This may have

resulted in the close juxtaposition of glacial ice with a temperate flora such as Lindroth (1965)

decribed. Love believes that the Laurentide ice reached the prairie grasslands without the de-

velopment of an intermediate band of forest, thereby dividing the eastern and western remnants

of the boreal coniferous forest and producing a bicentric refugial distribution for those species

associated with this flora (Moss and Pegg, 1962). On the other hand, Bryson and Wendland

(1967) suggest that a mobile phase of the boreal forest occupied a low belt across the present

prairies during the Wisconsinan although the climate associated with this forest was more

“droughty” than that associated with the boreal forest at present, and therefore the more xeric

floristic elements probably predominated. Wright (1970) concludes that closed spruce forest

had a widespread distribution in the eastern and northern portions of the plains, southern Can-

ada to Kansas and Missouri and east to the Appalachian Mountains, in late Wisconsin time.
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Whether such a forest developed coincident with the glacial advance or after, is not known.

Deglaciation resulted in newly exposed areas of land colonized by expansion of ranges of

species which survived in refugial areas. Eastern and western coniferous forests expanded into

the newly opened areas; however, Love suggests that they did not establish on much of the

area that is presently prairie. Recent pollen studies by Ritchie (1969) and Ritchie and DeVries

(1964) indicate that a forest dominated by Picea-Shepherdia canadensis-Salix-Artemisia lived

in southern portions of the prairie provinces during the early stages of glacial retreat (ca 1 1,600

- 10,500 years B.P.), and probably represents a northward migration of the forest described

by Bryson and Wendland (1967) and Wright (1970). This forest, of uncertain origin and af-

finities, disappeared from the southern portions of the prairie provinces about 1 1,500 years

B.P., and was probably the precursor of part of the present flora now isolated on the Cypress

Hills. Bird (1962), studying Bryophtes, and Yeatman (1967), studying pines, show that the

Cypress Hills flora has its principal affinities with the Rocky Mountains, indicating that the

early Holocene forest in southern Alberta and Saskatchewan had a Cordilleran aspect and

was derived principally from the west, in this respect agreeing with Rowe (1956) and Love

(1959) in their ideas of direction of flora movement across the southern Prairie Provinces.

Rowe and Love postulated forests of western origin extending along coulee systems into south-

ern Manitoba. Perhaps the origin and distribution of the early Holocene forest was as outlined

by Love but its distribution on the prairies was more widespread than she claimed. Lichti-

Federovich (1970) records white spruce {Picea glauca) as the dominant tree in central Alberta

between 1 1,000 and 9,000 years B.P., and suggests that “development of extensive peat bogs

with black spruce would be unlikely so recently after deglaciation”. If this is correct, perhaps

peat bogs and the fauna and flora associated with them were not a feature of the migratory

early Holocene coniferous forest, but rather developed after the boreal forest attained approxi-

mately its present position, through dispersal of various constituents of the extant biota from

the east.

On the basis of post-Wisconsin climatic reconstructions and pollen data, Bryson and Wendland

(1967) suggest that about 8,000 years B.P., the boreal forest was reduced and grasslands ex-

tended “nearly to the ice front in the Prairie Provinces”. Since that time, prairie was reduced,

the Laurentide ice mass completely disappeared, and the boreal forest occupied a broad rela-

tively stable belt across the northern portions of the Prairie Provinces.

In conclusion, the history of the boreal forest of the Prairie Provinces has been one of broad

latitudinal migrations, possible loss and acquisition of elements, and perhaps one or more com-

plete or nearly complete east-west divisions, resulting from either glacial advance (Love, 1959)

or expansion of grasslands (Love, 1959; Bryson and Wendland, 1967).

The distributions of many taxa presently show signs of an east-west zonation. For species

in habitats such as peat bogs within the boreal forest, possible mechanisms by which this zona-

tion came about were described above. However, some species occupying a variety of forest

habitats or not restricted to the boreal forest, also show evidence of this zonation. For certain

species, increased effectiveness of the Rocky Mountains as a barrier due to lowered temperatures,

development of extensive mountain glaciers and expansion of forests into lower areas in response

to cooler, moister conditions during the glacial maximum, may have separated eastern and west-

ern population segregates as Freitag (1965) postulated for tiger beetles.

McPhail and Lindsey (1970) suggest that for fishes (this probably applies to other animals

restricted to water for dispersal), the area south of the continental ice sheets formed three

principal refugia: the Pacific (west of the continental divide); the Mississippi comprised of the

Missouri River and Upper Mississippi River subunits; and the Atlantic. With the northeasterly

retreat of the Wisconsin Laurentide ice sheet, a series of large lakes were formed along the

southern and western margins of the ice. During this period, direction of drainage underwent
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considerable modification. For example, the Prince George Basin (presently in the Fraser River

watershed) drained north and east into the Peace River; lakes in the present Mackenzie drain-

age discharged south and east into the Hudson Bay system; and glacial Lake Agassiz drained

sometimes into the Mississippi, sometimes to the northwest, and sometimes into Lake Superior.

Hence, since the Wisconsin maximum completely aquatic organisms, such as fish, were able

to pass between the Mississippi, Great Lakes, Hudson Bay, Mackenzie River and Fraser River

watersheds. This resulted in some intermixing of the faunas of the various southern refugial

areas. Dadswell (1974) demonstrated that the present distribution of certain crustaceans and fishes

in eastern North America is closely correlated to the distribution of post-glacial lakes. How-

ever, important as these changing lake and drainage patterns may be to certain aquatic organ-

isms, they are probably relatively unimportant to the dispersal of water beetles which rely

primarily on flight, and whose habitats are principally small bodies of water which lack drain-

age outlets. In spite of this, the vast area of central Canada flooded in post-Wisconsin time

demonstrates the poor drainage characteristics of the country, and is an indicator of the abun-

dance of aquatic habitats across the boreal portions of this region.

In addition to the unglaciated portion of North America south of the maximum glacial ad-

vance, a large non-glaciated area in Alaska served as an important refuge for a variety of organ-

isms (Ball, 1963). Several authors postulated refugia in the vicinity of the Mackenzie River

and in the Arctic Archipelago. However, if refugia existed in these latter areas, it is unlikely

that they had any significance in the recolonization of Alberta for this province shares very

few species of water beetles with the true Arctic.

Although non-glaciated areas that could have been refugia persisted in Alberta during the

Wisconsin glaciation (for example, the Cypress Hills, the Cordilleran-Laurentide Corridor, and

nunatak areas in the Rocky Mountains (Bird and Hong, 1969)), it is not known if beetles sur-

vived there. No endemic dytiscids are known from Alberta except for Agabus margareti and

Hydroporus carri — species whose habitats, distributions and appearances suggest that they

occur elsewhere but have been overlooked. However, certain species of dytiscids are good

prospects for survival in small ice-free areas with standing water, such as those whose ranges

extend far into the Arctic Archipelago (Young, 1960a; Oliver, 1963), and those adapted to

low temperatures and short seasons. At present, two species, Hydroporus griseostriatus and

Agabus tristis, occupy small ponds in terminal moraine of Athabasca Glacier, and another

species, Hydroporus laevis, lives in cold water with glacial silt. A. tristis is isolated in cold springs

in the Cypress Hills but its presence is most likely due to post-glacial dispersal. This species

exhibits marked variation over its range and careful study may shed light on relationships of

the various populations and their post-glacial history. As there are no distinctive populations

of water beetles associated with possible refugia in the province, I conclude that dytiscids pre-

sent no concrete evidence for refugia within this area.

Although the Beringian Refugium (unglaciated portions of Alaska, and adjacent portions

of Siberia) was important for a variety of plants and animals (Hulten, 1937; Ball, 1963; Mc-

Phail and Lindsey, 1970), Dytiscidae of the area are too poorly known to assess their impor-

tance in post-glacial colonization of Alberta. Alaska now contains many dytiscids transconti-

nental in boreal North America or with wide distributions in the western mountains. Whether

survival was in the Alaska refugium, the southern refugium, or both, is not known for most

species. Certain species with arctic distributions most likely did survive in the Alaska refugium

(or a Mackenzie or Arctic Archipelago refugium), for example, Hydroporus lapponum (Gyl-

lenhal), H. polaris Fall, H. subvirescens Fall, Agabus rnoestus Curt., A. coxalis Sharp, A. hudson-

icus Leech, A. browni Leech, A. colymbus Leech, A. solus Leech, A. verus Brown and A. elonga-

tus Gyllenhal. Except for A. elongatus, these arctic species are not part of the Alberta fauna,

probably because of lack of suitable habitat, but also, ice sheets developed in a way which tended
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to separate the arctic fauna from the fauna to the south (Love, 1959), with the only connec-

tion being the possible non-glaciated corridor along the Rocky Mountain foothills. The presence

of A. elongatus in central Alberta may be due to recent dispersal from the north, or the pop-

ulation may be relict on the north slope of the Swan Hills, having entered Alberta via the

Cordilleran-Laurentide Corridor in glacial time or may have come in during the initial stages

of glacial retreat. The exceptionally large size of the two Alberta specimens is noteworthy, and

while perhaps indicative of environmental conditions, could have a genetic basis suggesting

some degree of genetic isolation from northern populations.

The species Hydroporus depressus has a northern boreal range in both the Old World and

northwestern North America, where it replaces its southern vicar, H. elegans. H. depressus,

known in North America from only northwestern Alberta and the District of Mackenzie, North-

west Territories, may have extended its range south and east from an Alaskan refugium. The

species alaskaniis is widespread in the boreal region of North America. Over most of

its range, female elytra are striate; but in the northwest, many females have smooth elytra in-

dicating presence of a genetic character lacking from populations from the remainder of the

species’ range. Probably non-striate elytra are characteristic of a population that survived in

the Alaskan refugium, and of populations arising from this source. If so, most populations of

D. alaskaniis in Alberta were derived from the southern refugium, while those in the extreme

northern part of the province dispersed from the Alaskan refugium.

The majority of the Alberta fauna is almost certainly derived from species which passed the

glacial maximum in the southern portion of the continent. However, the exact source area

differs for different groups of species. Many species, especially those which occupy widespread

habitats and are widely distributed at present, could have survived in a transcontinental belt

at a lower latitude than they occupy at present. In the cold temperate portion of the continent,

a large percentage of the fauna has a transcontinental distribution and probably during the

glacial maximum ranges of these species were shifted southward. Some Alberta species with

this form of distribution pattern are: Laccophilus biguttatus, Liodessus affinis, Hygrotus sayi,

H. turbidus, H. suturalis, H. impressopunctatus*, Hydroporus planiusculus, H. notabilis, H.

striola*, H. criniticoxis, H. tenebrosus, H. elegans*, H. griseostriatus*, H. scitulus, Agabus bi-

farius*, A. pseudoconfertus, A. arnbigiius, A. ajax, Ilybiiis subaeneus*, /. angustior*, Rhantus

binotatus, Colymbetes sculptilis, Dytiscus alaskaniis, D. cordieri, D. circumcinctiis*, Hydaticus

modestiis and Graphoderus liberus. Most of the species also occur in Alaska and the southern

Yukon, and some (those indicated with an asterisk) also in the Palearctic region. The members

of this group are in both prairie and forest habitats and for this reason they presently occupy,

and during the glacial maximum probably did occupy, a continuous transcontinental belt south

of the ice, and some with isolates in the Beringian refugium.

Several species or pairs of closely related species show the above pattern of distribution, but

have differentiated into eastern and western forms. Examples are: Laccophilus maciilosus macii-

losus (eastern) and L. m. decipiens (wostern); Agabus seriatus seriatus (eastern) and A. s. inter-

sectiis (western); Coptotomiis interrogatiis (eastern) and C longulus (western); Graphoderus

fascicollis (eastern) and G. perplexiis (western). The zone of contact between the eastern and

western form is Manitoba: Alberta has only the western form. The latter probably originated

in the Cordillera and subsequently expanded its range to meet its vicar on the eastern margin

of the Great Plains.

Another group of species live in a transcontinental band in the boreal forest, or at least oc-

cupy the northern forested portion of the continent east of the Rocky Mountains. The major-

ity of species in Sphagnum bogs belong to this group. Examples are: Hygrotus picatus, Hydro-

porus undulatiis, H. dentellus, H. melsheimeri, H. paugus, H. stagnalis, H. signatus, H fuscipen-

nis, H. glabriiisculus, H. morio, H. tartaricus, H. despectus, H. rectus, Agabus pseudoconfertus.
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A. kenaiensis, A. semipunctatus, A. anthracinus, A. confinis, A. congener, A. phaeopterus,

Jlybius discedens and /. pleuritieus. These exhibit a variety of distribution patterns and could

have survived in several different refugia. Species with transcontinental ranges but not dif-

ferentiated geographically probably survived in a transcontinental band of forest or in both

western and the eastern forest refugia. On the other hand, a number of species attain their

most westerly limits in the boreal portions of Alberta or northeastern British Columbia. These

species probably originated in an eastern boreal refugium and dispersed north and west. Only

one of the species of this group, Colymbetes longuhis, is presently isolated in the Cypress Hills.

The spQCiQS Neosciitopterus hornii which basically shows this pattern, also occurs in Alaska,

and here it probably survived, as v/ell as in an eastern refugium. The species is presently lacking

from southern British Columbia and southwestern Alberta and does not appear to have sur-

vived here. Two of the species that show the transcontinental boreal pattern of distribution

have western populations morphologically distinct from eastern populations. The species

Hygrotus pieatus contains females dimorphic in elytral sculpture in the east, but females of

only one morph (those with male-like sculpture) are in southwestern Alberta and southern

British Columbia, indicating that Alberta populations were derived from an eastern and a

western source. The population in the Cypress Hills is dimorphic and for this reason is probably

derived from the east. Similarly, specimens of Acilius semisulcatus have largely piceous ventral

surfaces to the body over their range across eastern North America to northern Alberta and

British Columbia and Alaska. Populations from southern British Columbia, southwestern Al-

berta and south to California are largely testaceous on the ventral surface. This may indicate

that northern Alberta populations are derived from an eastern North American or Alaskan

source while those in southwestern Alberta are derived from a source west of the continental

divide. The Cypress Hills population has the characteristics of the northern and eastern form.

A similar pattern is shown by the two Alberta species of Laccornis where divergence between

the eastern (L. conoideus) and the western (L. pacificus) populations is at the specific level.

Whether divergence between the eastern and western populations of the species mentioned

above took place during Wisconsinan or earlier cannot be determined. Freitag (1965) suggests

that divergence that finally gave rise to the eastern Cicindela duodecimguttata Dejean and

western C. oregona LeConte began during mid-Pleistocene time and developed during the in-

termittent periods of isolation associated with the various glacial advances. At any rate, this

divergence probably occurred during or prior to the Wisconsinan and the presence of two

recognizable entities in the province, be they full species or merely color forms of one species,

indicates the dual origin of the Alberta populations.

The extent to which western species have invaded Alberta differs from species to species.

Some barely extend into Alberta, being restricted to the southwestern corner of the province.

Hydroporus angustior has not been found in Alberta although it occurs in the Elk River in the

western approach to the Crowsnest Pass. The species Laccornis pacificus, Hydroporus tademus,

Agabus inscriptus smithi and A. pisobius just enter southwestern Alberta in the Castle and

Crowsnest River drainages. Agabus verisimilis, A. hypomelas and Ilybius quadrimaculatus ex-

tend slightly farther east but still not beyond the Old Man River drainage. Many western species

of higher plants are known in Alberta from only this area (Ogilvie, 1962).

A large group of western species occurs throughout the Alberta Rocky Mountains and ad-

jacent foothills. Most are widespread in the western North American mountains and the present

range of many includes both the Alaskan refugium and western portions of the southern North

American refugium. Hence, Alberta populations may have a dual origin. A few of these species

are transcontinental in the boreal region, although they are generally rare and sporadic east of

the Rocky Mountains. Species with this distribution pattern are; Hydroporus edwardsi*, H.

compertus, H. mannerheimi, H. occidentalis, H. despectiis, H. striatellus*, H. quadrimaculatus.
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H. snoqualmie, H. alaskanus, H. rivalis, H. congruus, H. crassulus*, Agabus bjorkmanae, A.

austinii*, A. strigulosus*, and A. tristis*. The species marked with an asterisk have populations

in the Cypress Hills which may be more or less isolated. All appear to have continuous ranges

along the eastern slope of the Rocky Mountains. A few species, however, may be discontinuous-

ly distributed on the eastern slope, with populations in the southwestern corner geographically

isolated from populations in the upper reaches of the Alberta portion of the Peace River area.

Good candidates for this distribution pattern are: Colyrnbetes examtus, Hydroporus spenceri,

H. quadrimaculatus and Ilybiiis qiiadrimaculatus. Although /. quadrimaculatus has not been

found in the Peace River area of Alberta, it occurs in the northern Fraser River drainage in

adjacent British Columbia (McBride, UC). Colyrnbetes exaratus has been included in this pat-

tern for the following reasons; the species has not been collected in the North Saskatchewan

drainage; and the northern population hybridizes with C. sculptilis whereas no sign of hybrid-

ization has been observed in the southern population, indicating that the two Alberta popula-

tions are somewhat different genetically. The discontinuous ranges of H. spenceri and H. quad-

rirnaculatus may simply be an artifact of collecting as the ranges of both are very poorly known.

Several other species of animals have entered Alberta around the northern end of the Rocky

Mountains. Examples of these are: Amphizoa insolens LeConte (which also occurs in south-

western Alberta but not intermediate localities) (J. Carr, pers.
\
Salmo gairdneri (Mac-

Crimmon, \91 \ )] Ptychocheilus oregonensis Richardson and Catostomus macrocheilus Girard

(Paetz and Nelson, 1970). No western species of dytiscid is known in Alberta from only the

Peace River area.

Unfortunately, the fauna of much of eastern British Columbia is not well known. Neverthe-

less, evidently two major pathways through the Rocky Mountains were used for the eastward

movement of western species: Crowsnest Pass; and Upper Peace River regions. The Peace River

appears to be an important route for eastern species which have expanded their ranges west-

wardly. Hatch (1953) records many eastern species from only northeastern British Columbia.

I know of no examples of eastern boreal species that have entered British Columbia through

the Crowsnest Pass. Ross (1958) pointed out the tendency for western species to extend their

ranges east during the Cenozoic and the lack of a major reciprocal movement on the part of

the eastern fauna.

Another western group is a Great Basin assemblage. These species inhabit open dry country

and have their center of distribution west of the Rocky Mountains, in or near the Great Basin.

They probably reached the Great Plains south of Alberta, and extended their ranges north on

the prairies. Species with this form of distribution are: Hygrotus semivittatus, H. tumidiventris,

H. masculinus, Hydroporus pervicinus, Agabus nectris, A. lutosus and A. approximatus. Hygro-

tus rnasculinus and H. salinariiis are closely related. The species H. salinarius is restricted to

the northern Great Plains whereas H. masculinus occurs both on the Great Plains and in the

dry interior of the Cordillera. Possibly a common widespread halophilic ancestor diverged into

a western and an eastern species. The western species, H. masculinus, has apparently reinvaded

the prairies.

A portion of the prairie and parkland fauna consists of a northern Great Plains element. These

species occupy the northern portion of the Great Plains west of the Mississippi River and east

of the Rocky Mountains. Examples of species showing this distribution are: Hygrotus canadensis,

H patruelis, H. sellatus, H. dentiger, H. punctilineatiis, H. salinarius, Agabus triton and A. mar-

gareti. These species probably entered Alberta from the south and at present are common only

on the southern prairie and parkland regions.

Ross (1970) studying grasshoppers and leafhoppers concluded that the fauna of the Great

Plains “is not a distinctive ecological unit but has strong ecological affinities with all the sur-

rounding biomes” and that few species of these insects are prairie endemics. He concluded that
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at least a portion of the Great Plains fauna evolved in subclimax grass communities of other

biomes and subsequently became able to live in the prairies. The species Agabus punctulatus,

an eastern species that is largely limited to the prairie and southern parkland regions of Alberta,

and Hygrotus sellatus appear to be isolated in the Peace River area. Isolated populations of

prairie species of plants in the Peace River area, for example Opuntia fragilis, is of interest to

Alberta botanists. Hansen (1949) suggested that the Peace River grasslands may be relics of

a postglacial expansion of prairies during a warm dry period about 8,000 to 4,000 years B.P.

Moss (1952) presented some substantiating evidence, but on the other hand he noted the lack

of native populations of Festuca scabrella, characteristic of the northern portion of the prairies

further to the south, as well as the fact that many species found in the Peace River grasslands

are characteristic of woodland farther south. These observations support Raup (1934) who

suggests that these grasslands developed from tundra through a grass-sedge stage. Recently

Lichti-Federovich (1970) presented pollen stratigraphy evidence substantiating Raup’s con-

clusion. The restricted prairie element in the Peace River dytiscid fauna does not contradict

the possibility that this grassland developed independently of the more southerly prairie. The

prairie species could have entered the area through long-range dispersal or their populations

could be of relatively recent origin. Development of roads through northern Alberta was

accompanied by building of numerous borrow-pits which structurally resemble exposed prairie

ponds and could act as corridors along which prairie species could disperse.

In conclusion, Alberta’s present fauna of dytiscid beetles is of diverse origins, with species

exhibiting a wide variety of distributional patterns and histories. In post-glacial time, important

faunal elements have entered Alberta from the south, east, west and northwest in response to

changing vegetational patterns or factors related to this.

FAUNISTIC AREAS

The preceding section examined the probable geographical history of individual species of

Alberta Dytiscidae. In this section, the distribution of the dytiscid fauna as a whole is examin-

ed to see if similarities in distribution among species produce broad faunal patterns that can

be correlated with geographic factors.

The form of analysis was as follows. The province was divided into a number of small geo-

graphical areas. The dytiscid fauna of each area was tabulated and compared with that of every

other area by a Jaccard coefficient of similarity. The resulting matrix was used in a group aver-

age single linkage cluster analysis which ranked the various faunal zones in a similarity dendro-

gram.

The province was divided into 20 zones (Fig. 3), for the most part, corresponding to Strick-

land’s (1938, 1951) faunal zones of Alberta (as refined by Sharplin, 1966). The boundaries

were modified only slightly, primarily to pool similar neighbouring zones where the total num-

ber of collection sites was too few to permit an accurate evaluation of faunal composition.

This procedure introduces a bias into the analysis, but is justified because Strickland esta-

blished these zones on the basis of criteria independent of the distributional pattern of aquatic

organisms or habitat types: agricultural practices, soil types and principal forms of terrestrial

vegetation. If these zones are artificial, the following conditions would be expected:

a. If too narrow, zones would be grouped with neighbouring zones at a high level of similar-

ity indicating relatively little difference between contiguous zones, but major faunal dif-

ferences, would be apparent between groups of zones; or

b. If too wide and hence heterogeneous, all zones would tend to resemble each other at a

high level of similarity without a hierarchy of similarity between zones. Non-adjacent

zones may show higher levels of similarity than adjacent zones hence giving a mosaic
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Fig. 3. Faunal zones of Alberta (modified after Strickland, 1951).
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pattern rather than a contiguous pattern.

A primary disadvantage with this form of analysis is that it is one dimensional indicating

only overall similarity of a given zone with only one other zone or group of zones. Thus intro-

gression of faunal elements from one zone into another affect the latter’s similarity coefficient,

but the coefficient still shows only that zone’s greatest overall similarity and does not indicate

minor similarities or influences. Hence, the factors causing divergence of zones within a group

must be determined by other means. In this study, it was done by referring back to the species

list for each zone.

Results

The dendrogram (Fig. 4) shows a relatively high degree of interdependence among zones.

All clusters unite at the 40% level of homogeneity indicating that a major element of the prov-

ince’s dytiscid fauna is in all faunal zones. Above this level, are two major groups. One, con-

sisting of zones 1 to 7 and 16 contains only zones from the southern and eastern portion of

the province, characterized by prairie or parkland with less than 50% tree cover. The other,

more heterogeneous, major group contains those zones in western and northern Alberta char-

acterized by extensive tree cover.

The prairie group includes two principal subgroups which join at the 63% level of similarity.

Zones 1 and 16 differ from the others by inclusion of a number of species whose distribution

is primarily western, or for some species in zone 7, northern, thus reducing their overall faunal

similarity with the neighbouring prairie zones. Nevertheless, the majority of their fauna resembles

that of the neighbrouring prairie zones. In zones 2 to 7, reduction in prairie elements from

south to north and an incursion of boreal forms into zones 7 and 4, produces a similarity grad-

ient.

The forest group, is less homogeneous than the prairie group. Zone 19 is associated with

the other zones of this group at a relatively low level of similarity (42%), suggesting a unique

faunal composition. However, this zone is the most poorly collected in the province, and its

isolation from contiguous areas is almost certainly an artifact. At the 50% level of similarity,

two subgroups form: northern or boreal subgroup (zones 8-13 and 20) and a mountain sub-

group (zones, 14, 15, 17, 18 and probably 19).

The boreal subgroup shows a high level of similarity between zones 9, 10 and 13. Zones 1

1

and 1 2 are similar to one another and unite with the previous cluster at 69% level of similarity.

A higher level of similarity probably exists but collections in some of these zones, especially

1 1 and 12, are limited. Zones 8 and 20 are somewhat isolated from the main clusters of the

boreal group. Zone 8 shows diminution of boreal elements and presence of some prairie ele-

ments. Zones 7 and 8 represent transitional steps between prairie and boreal faunas. On the

other hand, although included in the boreal subgroup, zone 20 shows affinities with zone 14

of the mountain subgroup.

In the mountain subgroup, zones 14 and 15 resemble one another at a high level of similar-

ity (80%) and these in turn cluster with zones 17 and 18 at a relatively low level (60%). The

fauna of zones 14 and 15 is largely transitional, primarily montane but also a large number of

boreal forms and lesser number of prairie elements are present. Zones 1 7 and 1 8 cluster at the

68% level of similarity, a relatively low level for contiguous and physiographically similar areas.

However, a major factor for the low similarity between these zones is a southwestern element

which attains its northern distribution in zone 17, and does not enter zone 18. Similarly, zone

18 includes some boreal elements not southward in 17. Ogilvie (1962) notes a parallel distribu-

tion pattern for higher plants in this region.

In summary, Alberta includes three distinguishable faunas: prairie, boreal, and cordilleran.

Prairie and boreal dytiscid faunas were previously recognized by Rawson and Moore ( 1 944).
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Fig. 4. Dendrogram prepared by the group average method of cluster analysis showing similarities among Strickland’s (1951)

faunal zones of Alberta.
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None of these is well delimited but each tends to intergrade with the others. Primary areas of

transition are the Cypress Hills (1) and southwestern foothills (16) (prairie - cordilleran trans-

ition); parkland (7 and 8, prairie - boreal transition); the Swan Hills (20, boreal - cordilleran

transition); and the northern foothills (14 and 15, prairie - cordilleran - boreal transition).

Kaiser et al. (1972) used a similar approach to define faunal provinces, concluding that

Canada could not be divided into clear-cut faunistic provinces but that there were a few areas

of relatively high homogeneity. The same conclusion must be drawn for the Alberta dytiscid

fauna. The cluster analysis indicates three major areas of faunal homogeneity as evidenced by

the three cluster nuclei (zone 19 omitted for reasons given above). However, these nuclei

intergrade with each other over broad areas and faunal zones cannot be sharply defined. The

preceding zoogeography section shows that the fauna of each portion of the province was de-

rived from several sources. This coupled with the poor definition of the faunal zones suggests

that the provincial fauna does not consist of definite associations, but rather recognition of

faunal zones results from similarities in range ends of species which otherwise show diverse

distribution patterns.

Table 4 summarizes numbers of species in each of Strickland’s faunal zones. Zone 1 5 con-

tains 81% of the provincial species, with other zones of high diversity being 14 (72%) and 17

(66%), representing major transition areas. Zones 14 and 15 are transitional between the boreal,

cordilleran and prairie faunas so that the total species list is enriched by elements of each of

these faunal assemblages. Zone 17 is more complex, containing primarily a cordilleran fauna

with prairie elements as well as a number of marginal western elements. According to Figure

8 of Kaiser et al. (1972), the area roughly corresponding to zones 14 and 15 (with the western

portions of 7 and 8 included) also includes the most diverse mammalian and avian faunas of

any portion of Canada. These areas fit Durden’s (1974) definition of zones of high extrinsic

diversity.

Just as zones 14, 1 5 and 1 7 are areas of high species diversity, the entire province of Alberta

is a meeting ground of several major North American faunas: transcontinental-temperate, boreal,

cordilleran, and great plains.

CONCLUSIONS

1. Although Alberta’s dytiscid fauna is of recent origin (developed since the Wisconsinan maxi-

mum), it is very rich in species.

2. This fauna is derived from a variety of sources: southern North America, Cordillera, Great

Plains, eastern boreal, eastern North America, Alaska and Arctic.

3. Within Alberta, three major faunas are represented; prairie, boreal and cordilleran. Each is

of composite origin and is generally defined by similarities in range ends rather than associ-

ations of species forming discrete faunal units. A number of species are common to all faunal

regions.

4. The Cypress Hills fauna is derived chiefly from the surrounding prairie augmented by a num-

ber of Cordilleran elements and a very few boreal elements.

5. The Swan Hills fauna is boreal with Rocky Mountain elements.

6. The areas with the most diverse faunas are transitional. Zone 15, transitional between prairie,

boreal, and cordilleran faunas, includes the highest number of species of any faunal zone in

the province. Faunal diversity is related to recent extensive movements which have allowed

species from a variety of geographical sources to colonize this area.
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Table 4. Comparison of number of species of dytiscid beetles in Strickland’s faunal zones of

Alberta (Fig. 3).

Zone No. No. of Species % of Total Fauna

1 70 48

2 56 38

3 57 39

4 45 31

5 53 36

6 60 41

7 50 34

8 68 47

9 72 49

10 83 57

11 71 49

12 63 43

13 75 51

14 105 72

15 118 81

16 68 46

17 96 66

18 79 54

19 51 34

20 72 49
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Fig. 5-9. Habitus illustration, dorsal aspect. 5. Hydroporus rivalis. 6. Agabus anthracinus. 7. Neoscutopterus hornii. 8. Colymbetes
sculptilis. 9. Hydaticus modestus.
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Fig. 10-25. Hygrotus, male genitalia: A. aedeagus, apex, ventral aspect; B. aedeagus, lateral aspect; C. paiamere. 10. H. sayi.

11.//. turbidus. 12. H. compar. 13.//. canadensis. 14. H. patruelis. 15. H. sellatus. 16. H. suturalis. 11. H. tumidiventris. 18.

H. dentiger. 19. H. unguicularis. 20. H. semivittatus. 21. H. punctilineatus. 22. H. impressopunctatus. 22. H. picatus. 24. H.

masculinus. 25. H. salinarius. Fig. 26-27. Hygrotus, female ovipositor, dorsal aspect. 26. H. impressopunctatus. 27. H. picatus.
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Fig. 28-38. Hygrotus, male protarsus, dorsal aspect. 28. H. compar. 29. H. canadensis. 30. H. patruelis. 31. H. sellatus. 32.

H. unguicularis. 33. H. tumidiventris. 34. H. semivittatus. 35. H. punctilineatus. 36. H. picatus. 31. H. masculinus. 38. H.

salinarius. Fig. 39-45. Hydroporus, metacoxal processes. 39. H. superioris. 40.//. paugus. 41. H. notabilis. 42. H. mannerheimi.

43. H. quadrimaculatus. 44. H. griseostriatus. 45. H. spenceri. Fig. 46. Hydroporus paugus, male protibia, anterior aspect. Fig.

47-48. Hydroporus, pronotum, left half, dorsal aspect. 47. H. rubyi

.

48. H. stagnalis. Fig. 49-54. Hydroporus, male genitalia:

A. aedeagus, apex, ventral aspect; B. aedeagus, lateral aspect; C. paramere. 49. H. undulatus. 50. H. vittatus. 51. H. dimidiatus.

52. H. superioris. 53. H. paugus. 54. H. rubyi.
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Fig. 55-80. Hydroporus, male genitalia: A. aedeagus, apex, ventral aspect; B. aedeagus, lateral aspect; C. paramere. 55. H.

edwardsL 56. H. compertiis. 51. H. planiusculus. 58.//. columbianus. 59. H. notabilis. 60.//. dentellus. 61. H. hockingi. 62.

H. mannerheiml 63. H. tademus. 64. H. signatus. 65. H. appalachius. 66. H. occidentalis. 61. H. fuscipennis. 68. H. criniti-

coxis. 69. H. striola. 70. H. badiellus. 71. H. carri. 72. H. transpunctatus. 73. H. despectus. 74. H. sp. nr. despectus. 15. H.

quadrimaculatus. 16. H. elegans. 77. H. depressus. 78. H. striatellus. 79. H. griseostriatus. 80. H. spenceri.
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94

101

Fig. 81-86. Hydroporus, male, right protarsal claws, anterior aspect. 81. H. columbianus. 82. H. notabilis. 83. H. dentellus.

84. H. signatus. 85. H. elegans. 86. H. depressus. Fig. 87-102. Hydroporus, protarsus, dorsal aspect. 87. H. columbianus, 6.

88. H. columbianus, 9. 89. H. notabilis, 6. 90. H. notabilis, 9. 91. H. mannerheimi, (5 . 92. H. tademus, S. 93. H. carri, 6.

94. H. transpunctatus, 6. 95. H. rectus, 6. 96. H. rectus, 9. 97. H. tenebrosus, 6. 98. H. tenebrosus, 9. 99. H. pervicinus,

6. 100. H. pervicinus, 9. 101. H. despectus, 6. 102. H. sp. nr. despectus, 6. Fig. 103-104. Hydroporus, pronotum, left side,

dorsal aspect. 103.//. appalachius. 104.//. occidentalis.
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Fig. 10S-\Q9. Hydroporus, left elytron, dorsal aspect. \05.H. undulatus. 106. H. vittatus. \01 . H. dimidiatus. 108.//. superioris.

109. H. appalachius. Fig. 110. Hygrotus sp., anterior portion of body, lateral aspect. Fig. 111-117. Hydroporus, habitus of left

side of body: A. dorsal aspect; B. lateral aspect. 111. //. mannerheimi. 112. //. hockingi. 113. //. nifimsus. 114. H. glabriusculus.

115.//. tristis. 116.//. badiellus. 117.//. striola.
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Fig. 118-119. Hydroporus, base of elytron, lateral aspect. 118. H. snoqualrnie. 119. H. scitulus. Fig. 120-122. Hydroporus,

female habitus, dorsal aspect. 120. H. snoqualrnie. 121.//. laevis. 122.//. alaskanus. Fig. 123-12A. Hydroporus, male protibia,

anterior aspect. 123. H. laevis. 124. H. alaskanus. Fig. 125-130. Hydroporus, male genitalia; A. aedeagus, apex, ventral aspect;

B. aedeagus, lateral aspect; C. paramere. 125. H. snoqualrnie. 126. H. laevis. 127. H. alaskanus. 128. H. scitulus. 129. H. rivalis.

130. H. congruus. Fig. 131-132. Laccornis, male genitalia: A. aedeagus, apex, ventral aspect; B. aedeagus, lateral aspect; C.

paramere. 131. L. conoideus. 132. L. pacificus.
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142 143

1 4 1

144

Fig. 133. Agabus antennatus, metathorax, ventral aspect, showing positions of measurements WS (width of metastemum)

and WC (width metacoxa). Fig. Agabus, pronotum, dorsal aspect. 134.^. bjorkmanae. 135. /I. cordatus. 136. >1.

erichsoni. 137. >1. triton. 138. /I. arcticus, 6. 139. >1. arcticus, 9. 140.^1. infuscatus, 6, Edson, Alta. 141.^. infuscatus, 6,

Newfoundland. Fig. 142. Agabus anthracinus, d, metafemur, ventral aspect. Fig. \42)-\44. Agabus, right antenna. 142. A.

elongatus, 6. 144. A. antennatus, 6.
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145 146 147 148 149 150

151 152 153 154 155 156

Fig. Agabus, male, right protarsal daws, anterior aspect. 145.^4. seriatus. \46. A.pseudoconfertus. 141 . A. kenaiensis.

148. d. verisimilis. 149. d. hypomelas. 150. d. erichsoni. 151. d. semipunctatus. 152. A. falli. 153. d. triton. 154. d. margareti.

155. d. punctulatus. 156. d. pisohius. 157. d. austinii. 158. d. ambiguus. 159. d. strigulosus. 160. d. tristis. 161. d. leptapsis.

162. d. arcticus. 163. d. anthracinus. 164. d. elongatus. 165. d. lutosus. 166. d. ajax. 167. d. infuscatus. 168. A. ontarionis.

169. d. nectris. 170. d. audeni. 171. d. canadensis. 112. A. confinis. 173. d. bifarius. 174. d. antennatiis. Fig. 175-177.

Agabus, male protarsus, dorsal aspect. 175. /I. ajax. 176. d. infuscatus. 111. A. ontarionis.



Dytiscidae of Alberta 447

Fig. 178-192. Agabus, male genitalia: A. aedeagus, apex, ventral aspect; B. aedeagus, lateral aspect; C. paramere. 178. A. seriatus.

179. A bjorkmanae. 180.^1. cordatus. 181. >1. pseudoconfertus. 182.^4. kenaiensis. 183.^. verisimilis. 184. >1. hypomelas.

185. .4. semipunctatus. 186. /I. erichsoni. ISl.A.falli. 188. .4. triton. 189. A. punctulatus. 190. A. colymbus. 191.4. pisobhis.

192. A. margareti.
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Fig. 193-215. Agabus, male genitalia: A. aedeagus, apex, ventral aspect; B. aedeagus, lateral aspect; C. paramere. 193. A. aus-

tinii. \9A. A. ambiguus. 195.^4. tristis. 196. A. leptapsis. 191 . A. strigulosus. 198.^4. arcticus. 199.^. anthracinus. 200.^1.

ajax. 201. A infuscatus. 202. >1. ontarionis. 203. A. elongatus. 204. A. lutosus. 205.^. nectris. 206. A. audeni. 201. A.

canadensis. 208.^4. confinis. 209. A. congener. 210. A. approximatus {Beazei, Alta.). 211. A. species ni. approximatus (Boom

L, Banff National Park). 212. >1. inscriptus (Boom Lake, Banff National Park). 213.^4. inscriptus (Beavermines Lake, Alta.).

214. A. bifarius. 215. >4. antennatus.



Dytiscidae of Alberta 449

Fig. 216. Carrhydrus crassipes, male genitalia; B. aedeagus, lateral aspect; C. paramere. Fig. 217-223. Ilybius, male genitalia;

A. aedeagus, apex, ventral aspect; B. aedeagus, lateral aspect; C. paramere. 217. /. discedens. 218. /. fraterculus. 219. /. sub-

aeneus. 220./. pleuriticus. 221.1. angustior. 222.1. churchillensis. 223./. quadrimaculatus. Fig. 224. Ilybius angustior, ovi-

positor, lateral aspect. Fig. 225. Coptotomus longulus, male genitalia; A. aedeagus, apex, ventral aspect; B. aedeagus, lateral

aspect; C. paramere. Fig. 226-227. Rhantus, male genitalia; A. aedeagus, apex, ventral aspect; B. aedeagus, lateral aspect; C.

paramere. 226. R. suturellus. 227. R. wallisi. Fig. 228-233. Rhantus, male right pro tarsal claws, anterior aspect. 228. R. sinuatus.

229. R. consimilis. 230.7?. wallisi. 231.7?. suturellus. 232. R. binotatus. 233. R. frontalis.
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Fig. 234-235. Neoscutopterus, male protibia, anterior aspect. 234. N. hornii. 235. N. angustus. Fig. 236-231 . Neoscutopterus,

pronotum, lateral aspect. 236. N. hornii. 231 . N. angustus. Fig. 238. Colymbetes exaratus, head and pronotum, dorsal aspect.

Fig. 239-245. Male genitalia: A. aedeagus, apex, ventral aspect; B. aedeagus, lateral aspect; C. paramere. 239. Neoscutopterus

hornii 240. Neoscutopterus angustus. 241. Colymbetes longulus. 242. Colymbetes seminiger. 243. Colymbetes exaratus. 244.

Colymbetes sculptilis (Barons, Alta.). 245. Colymbetes sculptilis (Gift Lake, Alberta).



Fig. 246-253. Dytiscus, right metacoxal process. 246. D. harrisii 247. D. hybridus. 248. D. marginicoUis. 249. D. fasciventris.

250. D. cordieri. 251. Z). circumcinctus. 252. D. dauricus. 253. D. alaskanus. Fig. 254-262. Dytiscus, male genitalia: A. aedeagus,

apex, ventral aspect; B. aedeagus, apex, lateral aspect. 254. D. harrisii. 255. D. hybridus. 256. D. marginicoUis. 251. D. fasci-

ventris. 258. D. hatchi. 259. D. cordieri 260. D. circumcinctus. 261. Z). dauricus. 262. D. alaskanus. Fig. 263-264. Acilius,

male tarsal claws: A. protarsal claws; B. mesotarsal claws. 263. A. semisulcatus. 264. A. athabascae. Fig. 265-266. Acilius,

male genitalia: A. aedeagus, ventral aspect; B. aedeagus, lateral aspect. 265. A. semisulcatus. 266. A. athabascae.
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Fig. 267. Desmopachria convexa, dorsal aspect, X 18. Fig. 268-277. Hygrotus, elytral sculpture. 268. H. sayi, 6, X 147. 269.

H. turbidus, 6, X 147. 270. K compar, 6, X 147. 271. H. compar, 9 , X 147. 272. H. canadensis, 6, X 147. 273. H. patruelis,

6, X 147. 274. H. patruelis, 9 , X 147. 275. H. punctilineatus, 6, X 147. 276. H. impressopunctatus, 6, X 29. 277. H. im-

pressopunctatus, d, X 147. Fig. 21S-219. Agabus, head, anterior aspect, X 15. 21%. A. seriatus. 219. A. semipunctatus. Fig.

2%{y2%6. Agabus, elytral sculpture, X 147. 280.^. seriatus, 6. 2S1.A. bjorkmanae, 6. 282.^1. pseudoconfertus, 6. 283.

A. pseudoconfertus, 9 . 284. yl. kenaiensis, (5 . 285. /I. verisimilis, 6. 2S6.A. erichsoni, 9 .
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Fig. 2^1-306. Agabus, elytral sculpture, X 147. 2^1. A. semipunctatus, 6. 2SS. A. falli, 6. 289. >1. triton, 6. 290. A. mar-

gareti, 6. 291. >1. punctulatus, 6. 292. A. punctulatus, 9. 293. yl. pisobius, 6. 294. yl. austinii, 6. 295. yl. austinii, 9. 296.

yl. ambiguus, 6. 291. A. strigulosus, 6. 298. yl. tristis, 6. 299. A. tristis, 9. 300. yl. leptapsis, 6. 301.^. arcticus, 6. 302.

yl. anthracinus, 3. 303. yl. elongatus, 6. 304.^4. ajax, 6. 305. A ontarionis, 6. 306.^. lutosus, 6.
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Fig. 101-1)25. Agabus, elytral sculpture, X 147. 307. y4. lutosus, 9. 308.^. nectris, c5. 309. >1. nectris, 9. 310. >1. audeni, S.

311. y4. canadensis, 6. 112. A. phaeopterus, 6. 111. A. hicolor, 6. 314.^4. confinis, 6. 115. A. congener, 6. 316.^4. discolor,

c5, 317. A. approximatus (Cardston, Alta.), (5. 318. A. species nr. approximatus (Highwood Pass, Alta.), 6. 319. A. inscriptus

(Fickle Lake, Alta.), 6. 320. A. inscriptus (Boom Lake, Banff National Park), (5. 321. A. inscriptus (Beavermines Lake, Alta.),

6. 122. A. bifarius, 6. 121. A. bifarius, 9. 12A.A. bifarius, 9. 325.^. antennatus, 6.
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Fig. 326-329. Maps of Alberta collection localities for; 326. Laccophilus maculosus; 327. L. biguttatus; 328. Desmopachria
convexa ( • ), Liodessus cantralli 329. L. affinis.
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Fig. 330-333. Maps of Alberta collection localities for; 330. Hygrotus sayi ( • ), H. farctus (-^ ); 331. H. turbidus; 332. H.

compar; 333. H. canadensis.



Dytiscidae of Alberta 457

Hg. 334-337. Maps of Alberta collection localities for: 334. Hygrotus patruelis; 335. H. sellatus; 336. H. suturalis; 337. H.

den tiger.
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Fig. 338-341. Maps of Alberta collection localities for: 338. Hygrotus unguicularis; 339. H. tumidiventris; 340. H. semivittatus;

341. H. punctilineatus.



Dytiscidae of Alberta 459

Fig. 342-345. Maps of Alberta collection localities for: 342. Hygrotus impressopunctatus; 343. H. picatus; 344. H. masculinus;

345. H. salinarius.

Quaest. Ent, 1975, 1 1 (3)
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Fig. 346-349. Maps of Alberta collection localities for: 346. Hydroporus imdulatus; 347. H. vittatus; 348. H. dimidiatus; 349.

H. superioris.
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Fig. 350-353. Maps of Alberta collection localities for: 350. Hydroponis paugus; 351. H. rubyi; 352. H. stagnalis; 353. H.
edwardsi

Quaest. Ent., 1975, 1 1 (3)
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Fig. 354-357. Maps of Alberta collection localities for: 354. Hydroporus cornpertus; 355. H. planiusculus; 356. H. columbianus;

351. H. notabilis.
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Fig. 358-361. Maps of Alberta collection localities for: 35?,. Hydroporus dentellus; 359. H. hockingi; 360. H. mannerheimi;

361. H. tademus.

Quaest. Ent., 1975, 1 1 (3)
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Fig. 362-365. Maps of Alberta collection localities for: 362. Hydroporus signatus; 363. H. appalachius; 364. H. occidentalis;

365. H. fuscipennis.
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Fig. 366-369. Maps of Alberta collection localities for: 366. Hydroporus criniticoxis; 367. H. rufinasus; 368. H. glabriusculus;
369. H. morio.

Quaest. Ent., 1975, 1 1 (3)
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Fig. 370-373. Maps of Alberta collection localities for; 370. Hydroporus tristis; 371. H. striola; 372. H. badiellus; 373 H
carri.
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Fig. 314-311. Maps of Alberta collection localities for: 374. Hydroporus transpunctatus; 375. H. rectus; 376. H. tenebrosus;

311. H. pervicinus.

Quaest. Ent., 1975, 11 (3)
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Fig. 378-381. Maps of Alberta collection localities for; 378. Hydroporus despectus; 379. H. sp. nr. despectus; 380. H. tartaricus;

381. 77. depressus.
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Fig. 382-385. Maps of Alberta collection localities for: 382. Hydroporus elegans; 383. H. striatellus; 384. H. griseostrictus:
385. H. spenceri

Quaest. Ent., 1975, 1 1 (3)
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Fig. 386-389. Maps of Alberta coUection localities for: 386. Hydroporus quadrimaculatus; 387. H. snoqualmie; 388. H. laevis;

389. H. alaskanus.
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Fig. 390-393. Maps of Alberta collection locaHties for: 390. Hydroporus scitulus; 391. H. rivalis; 392. H. congrmis; 393. H.
crassulus.

Quaest. Ent., 1975, 1 1 (3)



472 Larson

Fig. 394-397. Maps of Alberta collection localities for: 394. Laccornis conoideus; 395. L. pacificus; 396. Agabus seriatus;

391. A. bjorkmanae.
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Fig. 398-401. Maps of Alberta collection localities for: 398. Agabus pseudoconfertus; 399. A. kenaiensis; 400. A. verisimilis;

401. A. hypomelas.

Quaest. Ent., 1975, 1 1 (3)
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Fig. 402-405. Maps of Alberta collection localities for: 402. Agabus erichsoni; 403. A. semipunctatus; 404. >1. falli; 405. A.
triton
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Fig. 406-409. Maps of Alberta collection localities for: 406. Agabus rnargareti; 407. A. punctidatus; 408. A. pisobius; 409.
A. austinii.

Quaest. Ent., 1975, 1 1 (3)
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Fig. 410-413. Maps of Alberta collection localities for: 410. Agabus ambiguus; 411. A. strigulosus; 412. A. tristis; 413. A.

leptapsis.
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Quaest. Ent., 1975, 1 1 (3)
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Fig. 418-421. Maps of Alberta collection localities for: 418. Agabus ontarionis; 419. A. infuscatus; 420. A. lutosus; 421. A.

nectris.
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Fig. 422-425. Maps of Alberta collection localities for: 422. Agabus audeni; 423. A. canadensis; 424. A. phaeoptenis; 425.

A. bicolor.

Quaest. Ent, 1975, 1 1 (3)
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Fig. 426-429. Maps of Alberta collection localities for: 426. Agabus confinis; All . A. congener; 428. A. discolor; 429. A.

approximatus.
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Fig. 430-433. Maps of Alberta collection localities for: 430. Agabus sp. nr. approximatus; A'il.A. inscriptus inscriptus; 432.
A. inscriptus form B; 433. A. inscriptus smithi.

Quaest. Ent, 1975, 1 1 (3)
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Fig. 434-437. Maps of Alberta collection localities for: 434. Agabus bifarius; 435. A. antennatus; 436. Carrhydrus crassipes;

437. Ilybius discedens.
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Fig. 438-441. Maps of Alberta collection localities for; 438. Ilybius fraterculus; 439. /. subaeneus; 440. /. pleuriticus; 441.
/. angustior.

Quaest. Ent, 1975, 1 1 (3)
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Fig. 442-445. Maps of Alberta collection localities for: 442. Bybius quadrimaculatus; 443. Coptotomus longulus; 444. Rhantus
sinuatus; 445. R. consimilis.
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Fig. 446-449. Maps of Alberta collection localities for: 446. Rhantus wallisi; 447. R. suturellus; 448. R. binotatus; 449. R.

frontalis.

Quaest. Ent, 1975, 11 (3)
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Fig. 450-453. Maps of Alberta collection localities for; 450. Neoscutopterus hornii; 451. N. angustus; 452. Colymbetes longulus;

453. C seminiger.
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Quaest. Ent, 1975, 1 1 (3)



488 Larson

Fig. 458-461. Maps of Alberta collection localities for: 458. Dytiscus marginicollis; 459. D. fasciventris; 460. D. cordieri;
461. D. circumcinctus.
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r f f"' dauricus: 463. D. alaskanus; 464. Hydaticus modestus:

Quaest. Ent, 1975, 1 1 (3)
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Fig. 466-469. Maps of Alberta collection localities for: 466. Graphoderus perplexiis; 467. G. occidentalis; 468. Acilius semi-
sulcatus abbreviatus (B); 469. A. athabascae.
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Index to Names of Taxa

(Junior Synonyms and Junior Homonyms are in Italics)

abbreviatus auct., Acilius, 409

abbreviatus Mann., Acilius, 409, 410

acadianus J. Balfour-Browne, Hydroporus,

290

acaroides (LeC.), Hygrotus, 265, 268

aequalis Hatch, Rhantus 382, 383

aeneolus Crotch, Gaurodytes, 345

aeruginosus
,
Agabus, 343

affinis Paykull, Agabus, 342

affinis Say, Hydroporus, 262

affinis (Say), Liodessus, 262, 416, 455

ajax Fall, Agabus, 332, 352, 353, 354,

355, 416, 446, 448, 453, 477

alaskanus J. Balfour-Browne, Dytiscus,

394, 395, 397, 402, 403, 404, 416,

451, 489

alaskanus Fall, Hydroporus, 279, 285,

321, 322, 418, 444, 470

albionicus Mots., Dytiscus, 401

alpinus Crotch, Hydroporus, 320

ambiguus (Say), Agabus, 334, 347, 348,

363, 364, 416, 446, 448, 453, 476

ambiguus Say, Colymbetes, 347

americanus Sharp, Hydaticus, 405, 406

angustior Gyll, Dytiscus, 375

angustior (Gyll.), Ilybius, 371, 372, 375,

376, 416, 449, 483

angustior Hatch, Hydroporus, 279, 286,

325, 417

angustus LeC., Agabus, 384, 385

angustus (LeC.), Neoscutopterus, 385,

450, 486

antennatus Leech, Agabus, 329, 330,

368, 369, 445, 446, 448, 454, 482

anthracinus Mann., Agabus, 334, 347,

352, 417, 438, 445, 446, 448, 453, 477

anticus Sharp, Hydroporus, 286

anxius Mann., Dytiscus, 401, 402

appalachius Sherman, Hydroporus, 282,

299, 300, 301, 441, 442, 443, 464

approximatus Fall, Agabus, 335, 362, 363,

364, 365, 418, 448, 454, 480

approximatus, species near, Agabus, 335,

364, 365,448,454, 481

arcticus (Payk.), Agabus, 331, 351, 352,

445, 446, 448, 453, 477

arcticus Payk., Dytiscus, 351

arcticus Thoms., Hydroporus, 295

arctus Melsh., Agabus, 335

assimilis Kby., Colymbetes, 382, 383

ater Degeer, Ilybius, 429

athabascae Larson n. sp., Acilius, 409, 410, 411,

451,490

atratus Mann., Agabus, 349

audeni Wallis, Agabus, 332, 358, 446, 448,

454, 479

austinii LeC., Gaurodytes, 346

austinii Sharp, Agabus, 334, 346, 347, 418,

446, 448, 453, 475

badiellus Fall, Hydroporus, 283, 307, 441, 443,

466

belfragei Sharp, Hydroporus, 293

bicolor (Kby.), Agabus, 332, 360, 361, 362,

454, 479

bicolor Kirby, Colymbetes, 360

bifarius (Kby.), Agabus, 329, 330, 367, 368,

416, 431, 446, 448, 454, 482

bifarius Kby., Colymbetes, 328, 367

biguttatus Kby., Laccophilus, 259, 260, 416,

455

biguttulus Thomson, Agabus, 342

bimarginatus Wickham, Hydaticus, 405

binotatus Harris, Colymbetes, 382

binotatus (Harris), Rhantus, 378, 379, 382,

383,416,449,485

bipustulatus L., Agabus, 429

bistriatus auct., Rhantus, 381

bjorkmanae Hatch, Agabus, 330, 336, 337, 418,

445,447,452,472

borealis (Fall), Hygrotus, 271

borealis Gyll., Hydroporus, 279

brodei Gellerman, Hydroporus, 318, 319

browni Leech, Agabus, 415

brumalis Brown, Hydroporus, 293

brunneus Fab., Dytiscus, 328

brunnipennis Aube, Hydaticus, 407

bryanti Carr, Agabus, 355

caliginosiis LeC., Hydroporus, 304

canadensis Fall, Agabus, 332, 358, 359, 360,

361,446,448,454, 479

canadensis Fall, Coelambus, 270

canadensis (Fall), Hygrotus, 266, 270, 271, 418,

Quaest. Ent., 1975, 1 1 (3)
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canadensis (Fall), Hygrotus (con’t), 439,

440, 452, 456

canaliculatus ,
Acilius, 41

1

can train Young, Bidessus, 263

cantralli (Young), Liodessus, 263, 264,

455

carolinus Aube, Dytiscus, 399

carri Larson n. sp., Hydroporus 284,

307, 308, 309, 415, 441, 442, 466

catascopium Say, Hydroporus
, 316, 317

chalconotus Panzer, Dytiscus, 328

churchillensis Wallis, Ilybius, 376, 449

cinctipennis Aube, Hydaticus, 405, 406

cinereus Horn, Graphoderus, 407

cinereus L., Dytiscus, 406

circumcinctus Ahrens, Dytiscus, 394, 395,

397, 401, 402, 403, 416, 451, 488

clavatus LeC., Agabus, 368

clavicornis Sharp, Agabus, 368, 370

collaris LeC., Hydroporus, 291

coloradensis Fall, Hydroporus, 316, 317

columbianus Fall, Hydroporus, 261, 270,

281,294, 441,442, 462

colymbus Leech, Agabus, 333, 415, 447

compar Fall, Coelambus, 269

compar (Fall), Hygrotus, 266, 267, 269,

270, 439, 440,*452, 456

compar Melsh., Leionotus, 398

compertus Brown, Hydroporus, 281, 291,

292, 293,417, 441,462

concinnus LeC., Hydroporus, 279

confertus LeC., Agabus, 330, 338

confinis (Gyll.), Agabus, 332, 361, 362,

417, 446, 448, 454, 480

confinis Gyll, Dytiscus, 361

conformis Stephens, Dytiscus, 394

confluens Say, Dytiscus, 402

confluentus LeC., Dytiscus, 403

confusus Aube, Ilybius, 373

congener (Paykull), Agabus, 364

congener (Thunberg), Agabus, 328, 329,

335, 347, 362, 363, 364, 365, 417,

448, 454, 480

congener Thunberg, Dytiscus, 362

congruus LeC., Hydroporus, 279, 285,

324,418, 444, 471

conoideus LeC., Hydroporus, 326

conoideus (LeC.), Laccornis, 326, 327,

417, 444,472

consimilis LeC., Hydroporus, 286, 287

consimilis Mots., Rhantus, 378, 380, 449, 484

convexa (Aube), Desmopachria, 261, 452, 455

convexus Aube, Hydroporus, 261

cordata LeC., Anisomera, 327

cordaticollis Reitter, Gaurodytes, 328

cordatus (LeC.), Agabus, 337, 445, 447

cordieri Aube, Dytiscus, 394, 395, 396, 400,

416,451,488

coriaceus Horn, Colymbetes (Scutopterus), 385

coxalis Sharp, Agabus, 328, 332, 415, 427

crassipes Fall, Carrhydrus, 369, 370, 449, 482

crassulus Fall, Hydroporus, 279, 285, 324, 418,

471

criniticoxis Larson n. sp., Hydroporus, 282,

301,416,441,465

crotchi Zaitzev, Agabus, 349, 350

dahuricus Aube, Colymbetes, 388

dauricus Anderson, Dytiscus, 401, 402

dauricus Gebler, Dytiscus, 394, 397, 403,

404, 451,489

dauricus Mots., Hydroporus, 322

decipiens LeC., Laccophilus, 259

denikei Wallis, Ilybius, 373

densus LeC., Colymbetes, 389

dentellus Fall, Hydroporus, 282, 295, 296,

416,441,442, 463

dentiger Fall, Coelambus, 273

dentiger (Fall), Hygrotus, 266, 267, 273, 274,

418, 439,457

depressus auct., Hydroporus, 314

depressus Fab., Dytiscus, 315

depressus (Fab.), Hydroporus, 279, 285, 314,

315,416, 441,442, 468

despectus Sharp, Hydroporus, 284, 310, 311,

312,313,416,417,441,442,468

despectus, species near. Sharp, Hydroporus, 284,

312, 313, 314, 441,442, 468

diffinis LeC., Dytiscus, 403

dimidiatus G. & H., Hydroporus, 281, 287, 288,

440, 443,460

discedens Sharp, Ilybius, 327, 371, 372, 373,

417, 449, 482

discedens Sharp, Rhantus, 380

discicollis Ancey, Agabus, 328

discolor (Harris), Agabus, 329, 335, 363, 364,

365,454, 480

discolor Harris, Colymbetes, 363

discolor LeC., Agabus, 356
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disintegratus (Crotch), Agabus, 331

divisus Aube, Colymbetes, 382

dorsalis F., Dytiscus, 279

dubius Mann., Agabus, 349

duodecimguttata Dej., Cicindela, 417, 428

duodecimlineatus LeC., Hydroporus, 320,

321

edwardsi Wallis, Hydroporus, 281, 291,

292, 293,441,461

elatus Sharp, Graphoderus, 407

elegans Panzer, Dytiscus, 314

elegans (Panzer), Hydroporus, 279, 285,

314,315,416, 441,442, 469

elongatus GylL, Agabus, 331, 355, 356,

415, 416, 445, 446, 448, 453, 477

elongatus Gyll., Dytiscus, 328

erichsoni G. & H., Agabus, 329, 330,

340, 445, 446, 447, 452, 474

erythrocephalus L., Dytiscus, 279

erythropterus (Say), Agabus, 347

exaratus LeC., Colymbetes, 386, 387,

388,389,390,418,450, 487

exaratus Young & Severin, Colymbetes, 390

falli (Zimm.), Agabus, 331, 333, 342,

343, 446, 447, 453, 474

falli Zimm., Gaurodytes, 342

falsificus Brown, Hydroporus, 293

farctus (LeC.), Hygrotus, 265, 268, 269,

456

fasciatus Harris, Hydroporus, 286

fascicollis (Harris), Graphoderus, 408,

416

fasciventris Say, Dytiscus, 394, 395,

396,399, 400,451,488

fenestratus Fab., Dytiscus, 370

fimbriatus LeC., Agabus, 348

fimbriolatus Say, Cybister, 430

flavogriseus Crotch, Rhantus, 382

franklinii Kby., Dytiscus, 403

fraterciilus LeC., Ilybius, 371, 372, 373,

374, 449, 483

frontalis Marsham, Dytiscus, 383

frontalis (Marsham), Rhantus, 378, 379,

383, 384, 449, 485

fuliginosus Fab., Ilybius, 429

fuscatus
,
Liodessus, 263

fuscipennis Payk., Dytiscus, 327

fuscipennis Schaum, Hydroporus, 282, 301,

302, 416, 441, 464

fuscostriatus Mots., Dytiscus, 401

fuscus Fab., Dytiscus, 386

gelidus Fall, Agabus, 337

glabriusculus Aube, Hydroporus, 283, 303, 416,

443, 465

graph Gyll., Dytiscus, 378, 379

griseipennis LeC., Agabus, 356

griseostriatus (DeGeer), Deronectes, 434

griseostriatus DeGeer, Dytiscus, 3 1

6

griseostriatus (DeGeer), Hydroporus, 279, 285,

316, 317, 318, 415, 416, 440, 441, 469

guttatus Payk., Dytiscus, 328

gutticollis (Say), Rhantus, 379, 383

harrisii, Kby., Dytiscus, 394, 395, 397, 398,

451,487

hatch! Wallis, Dytiscus, 396, 399, 400, 451

hockingi Larson n. sp., Hydroporus, 282, 296,

441,443,463

hornii (Crotch), Neoscutopterus, 384, 385, 386,

417, 438,450, 486

hornii Crotch, Scutopterus, 385

hortense Hatch, Hydroporus, 320, 321

hudsonicus Leech, Agabus, 415

humeralis Aube, Hydroporus, 297, 298

hybridus Aube, Dytiscus, 394, 396, 451, 487

hypomelas Mann., Agabus, 331, 339, 340, 417,

431,446,447, 473

hypomelas hypomelas Mann., Agabus, 340

hypomelas irregularis Mann., Agabus, 340

immaculatus Hatch, Rhantus, 382

impressopunctatus Schaller, Dytiscus, 264, 276

impressopunctatus (Schaller), Hygrotus, 266,

267, 276, 277, 416, 439, 452, 459

inaequalis Crotch, Hydroporus, 261

,

268

inaequalis Fab., Dytiscus, 264

inaequalis Horn, Colymbetes, 389

incarinatus Zimm., Ilybius, 373

inconspicuus Fall, Laccophilus, 260

infuscatus Aube, Agabus, 332, 353, 445, 446,

448, 478

inornatus Sharp, Hydroporus, 298, 299

inscriptus (Crotch), Agabus, 335, 363, 365,

366, 448,454,481

inscriptus Crotch, Gaurodytes, 365

inscriptus smithi
,
Agabus, 41 7, 481

insolens LeC., Amphizoa, 418

interrogatus (Fall), Coptotomus, 377, 416

interruptus Say, Hydroporus, 316, 317

intersec tus Crotch, Gaurodytes, 335, 336

Quaest. Ent, 1975, 1 1 (3)
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inversus Sharp, Ilybius, 375

irregularis Mann., Agabus, 339

kenaiensis Fall, Agabus, 330, 338, 416,

446, 447, 452, 473

kessleri Hochhuth, Agabus, 328

kineaidi Hatch, Hydroporus, 321, 322

labiatus Brahm, Dytiscus, 327, 429

laevipennis Blatchley, Hydaticus, 405, 406

laevis Kby., Hydroporus, 279, 285,

320, 321, 415, 444, 470

lapponicus Gyll., Dytiscus, 404

lapponum (Gyll.), Hydroporus, 415

laramaeus LeC., Ilybius, 373, 374

latissimus L., Dytiscus, 397

latiusculus LeC., Acilius, 410

latus Stephens, Hydroporus, 279

lecontei Croteh, Gaurodytes, 356, 364

leptapsis (LeC.), Agabus, 331, 350, 351,

446, 448, 453, 476

leptapsis LeC., Gaurodytes, 350

leptopsis Leng, Agabus, 350

liberus Say, Dytiseus, 407

liberus (Say), Graphoderus, 406, 407,

416,489

longipes Sharp, Rhantus, 382

longulus LeC., Colymbetes, 386, 387, 388,

417, 450, 486

longulus LeC., Coptotomus, 327, 377,

378,416,449, 484

longulus LeC., Gaurodytes, 361

luridipennis LeC., Hydroporus, 310

lutosus LeC., Agabus, 328, 334, 356,

357, 364, 418, 446, 448, 453, 454,

478

lutosus lutosus LeC., Agabus, 357

lutosus mimus Leech, Agabus, 357

lutulentus LeC., Hydroporus, 310

macrocheilus Girard, Catostomus, 418

maeulicollis Aube, Colymbetes, 382

maculosus Say, Laccophilus, 259, 260,

455

maculosus decipiens, LeC., Laccophilus, 26

416

margareti Larson n. sp., Agabus (con’t), 415,

418,446,447,453,475

marginalis L., Dytiscus, 394, 395, 397

marginicollis LeC., Dytiscus, 394, 395, 398,

399,403,451,488

marginipennis (Blatchley), Hygrotus, 268

maritima
,
Cicindela, 428

rnaseulinus Croteh, Hydroporus, 278

masculinus (Crotch), Hygrotus, 265, 278, 418,

439, 440, 459

mathiasi Hatch, Hydroporus, 316, 317

melanoeephalus Gyll., Hydroporus, 304, 305

melsheimeri Fall, Hydroporus, 296, 416

minutus L., Laccophilus, 260

modestus Sharp, Hydaticus, 405, 406, 416,

435, 438, 489

moestus Curtis, Agabus, 335, 415

morio Aube, Hydroporus, 283, 304, 305, 416,

465

morosus auct., Agabus, 357

morosus LeC., Agabus, 363

mutus Sharp, Agabus, 360

nanus LeC., Gaurodytes, 348

nectris Leech, Agabus, 328, 334, 357, 418, 427,

446, 448, 454, 478

niger Sharp, Hydroporus, 298, 299

nigroaeneus Erichson, Agabus, 340

nitida Babington, Desmopachria, 261

notabilis LeC., Hydroporus, 281, 294, 295,

416,440, 441,442, 462

notatus Bergstrasser, Dytiscus, 384

notatus Fab., Dytiscus, 383, 384

obesLis LeC., Hydroporus, 324

obliteratus Hatch, Agabus, 357

oblitus Fall, Hydroporus, 290, 291

oblongulus Fall, Agabus, 333, 345

oblongus Sharp, Hydroporus, 326

oblongus Stephens, Hydroporus, 325

obscureplagiatus (Fall), Hygrotus, 270

obscurus Sharp, Rhantus, 382

obscurus Strum, Hydroporus, 307

,
oeeidentalis Gordon & Post, Hydroporus, 299,

300

maculosus maculosus LeC., Laccophilus, 416 oeeidentalis Horn, Graphoderus, 406, 408, 490

malkini Hatch, Hydroporus, 293 oeeidentalis Sharp, Hydroporus, 282, 300, 305,

mannerheimi J. Balfour-Browne, Hydroporus, 417, 441, 442, 464

282, 297, 298, 299, 417, 440, 441, 442, ontarionis Fall, Agabus, 329, 334, 354, 446, 448,

443, 463 453, 478

margareti Larson n. sp., Agabus, 333, 344, ooligbuckii J. Balfour-Browne, Dytiscus, 404
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ooligbuckii Hatch, Dytiscus, 404

ooligbukii Anderson, Dytiscus, 404

ooligbukii LeC., Dytiscus, 403

ooligbukii Kby., Dytiscus, 401, 402, 404

oregona LeC., Cicindela, 417, 428

oregonensis Crotch, Acilius, 410

oregonensis Richardson, Ptychocheilus,

418

ovoideiis Crotch, Gaurodytes, 361, 362

ovoideus LeC., Agabus, 361

pacificus Fall, Hydroporus, 292, 417

pacificus Leech, Laccornis, 326, 321

,

417, 444, 472

palliatus Horn, Hydroporus, 293

paliistris Wallis, Agabus, 338

parallelus LeC., Agabus, 335

parallelus Say, Hydroporus, 316, 317

parvulus Mots., Dytiscus, 404

patruelis LeC., Hydroporus, 271

patruelis (LeC.), Hygrotus, 266, 267, 270,

271, 418, 439, 440, 452, 457

paugus Fall, Hydroporus, 281, 289, 290,

416, 440, 461

paykulli auct., Colymbetes, 387, 388

perplexus Sharp, Graphoderus, 406, 407,

408,416, 490

persimilis Fall, Hydroporus, 291

pervicinus Fall, Hydroporus, 284, 310, 31 1,

312, 418, 442, 467

phaeopterus (Kby.), Agabus, 333, 359,

360, 361, 362, 363, 417, 454, 479

phaeopterus Kirby, Colymbetes, 359

pieatiis Kby., Hydroporus, 277

picatus (Kby), Hygrotus, 266, 267, 276,

277, 416, 417, 439, 440, 459

picea Zaitzev, Agabus, 349

piceolus Zaitzev, Agabus, 349

picipes Kby., Colymbetes, 375

pisobius Leech, Agabus, 333, 345, 346,

417, 446, 447, 453, 475

placatus Fall, Hydroporus, 286

planiusculus Fall, Hydroporus, 281, 291,

292, 293, 416, 441, 462

plebeius Sharp, Rhantus, 382, 383

pleuriticus LeC., Ilybius, 371, 372, 375,

417, 449, 483

polaris Fall, Hydroporus, 302, 415

productotruneatus Hatch, Hydroporus, 321,

322

prosternalis Sharp, Deronectes, 316, 317

pseudoconfertus Wallis, Agabus, 330, 337, 338,

416, 446, 447, 452, 473

pseudovilis Young, Hydroporus, 293

puberulus LeC., Hydroporus, 303, 304

puberulus Mann., Hydroporus, 301

pubescens GylL, Hydroporus, 279

pubipennis Aube, Hydroporus, 286

puleher Mots., Hydroporus, 3 1

5

pulverosus Stephens, Dytiscus, 378

punctatissimus Aube, Hydroporus, 286

punctatus
,
Agabus, 343

punctatus Say, Laccophilus, 267

punctilineatiis Fall, Coelambus, 275

punctilineatus (Fall), Hygrotus, 265, 267, 275,

418, 439, 440,452,458

punctulatus AubG Agabus, 328, 333, 344, 345,

346,419,446,447,453,475

quadrimaculatus Aube, Ilybius, 371, 372, 376,

417,418,449, 484

quadrimaculatus Horn, Hydroporus, 279, 280,

318, 319, 417, 418, 440, 441, 470

quebecensis (Brown), Hygrotus, 271

raffrayi Sharp, Agabus, 329, 429

rainieri Hatch, Hydroporus, 321, 322

recta LeC., Anisomera, 336

reeticollis Fall, Hydroporus, 321, 322

recticollis Hatch, Hydroporus, 320

rectus Fall, Hydroporus, 284, 309, 416, 442,

467

regularis LeC., Ilybius, 328

reticulatus Aube, Agabus, 348

reticulatus Kby., Colymbetes, 351

rivalis GylL, Hydroporus, 279, 285, 323, 324,

325,418, 438, 444, 471

rossi Leech, Hydroporus, 292

rotundatus LeC., Hydroporus, 314

mbyi Larson n. sp., Hydroporus, 281, 290, 440,

461

ruficapillus Mann., Hydroporus, 305, 306

rufilabris Sharp, Hydroporus, 299

rufinasus Mann., Hydroporus, 283, 303, 443,

465

mfiplanulus Fall, Hydroporus, 289, 290, 291

nigicollis Kby., Colymbetes, 407

nigipennis Sharp, Colymbetes, 389, 392

nisticus Sharp, Hydroporus, 310, 31 1, 313

salinarius Wallis, Coelambus, 278

salinarius (Wallis), Hygrotus, 265, 278, 418,

Quaest. Ent., 1975, 1 1 (3)
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salinarius (Wallis), Hygrotus (con’t), 439,

440, 459

sayi J. Balfour-Browne, Hygrotus, 264,

267, 268, 416, 439, 452, 455

scapularis Mann., Agabus, 352

scitulus LeC., Hydroporus, 279, 285, 320,

322.323.324.416, 444, 471

scrutator Sharp, Hydroporus, 286

sculptilis Harris, Colymbetes, 386, 387,

389, 391, 392, 393, 416, 418, 438,

450, 487

sellatus LeC, Hydroporus, 272

sellatus (LeC.), Hygrotus, 265, 266, 272,

418,419, 439, 440,457

semiclarus Fall, Hydroporus, 320, 321

seminiger LeC., Colymbetes, 386, 387,

388, 450, 486

semipunctatus (Kby.), Agabus, 332,

342, 344,417, 474

semipunctatus Kby., Colymbetes, 341

semipunctatus Sharp, Agabus, 342, 446,

447, 452, 453

semirufus LeC., Hydroporus, 288

semisulcatus Aube, Acilius, 409, 410,

411,417,451,490

semivittatus Fall, Coelambus, 275

semivittatus (Fall), Hygrotus, 266, 267,

275,418,

439, 440, 458

septentrionalis auct., Hydroporus, 322

323

septentrionalis Gy 11., Hydroporus, 432

seriatus (Say), Agabus, 331, 335, 336,

446, 447, 452, 472

seriatus Say, Colymbetes, 335

seriatus intersectus
,
Agabus, 416

seriatus seriatus
,
Agabus, 4 1

6

sericans Sharp, Rhantus, 383

serieeus LeC., Hydroporus, 288

serricornis Payk., Dytiscus, 327, 368,

370

serripalpus Say, Coptotomus, 377

sharpi, Fall, Agabus, 342

signatus Mann., Hydroporus, 282, 298,

299.416, 441,442, 464

signatus Sharp, Hydroporus, 299

similis Kby., Hydroporus, 276

sinuatus LeC., Colymbetes, 379

sinuatus (LeC.), Rhantus, 378, 379, 449,

484

smithi Brown, Agabus, 365, 366

snoqualmie Hatch, Hydroporus, 279, 285, 319,

320.322.323.418, 444, 470

solitarius Sharp, Hydroporus, 288

solus Leech, Agabus, 415

speneeri Leech, Deronectes, 3 1

8

spenceri (Leech), Hydroporus, 279, 285, 318,

418, 440, 441,469

stagnalis auct., Dytiscus, 405

stagnalis Fab., Hydaticus, 405, 406, 435

stagnalis G. & H., Hydroporus, 281, 289, 290,

291.416, 440, 461

striatellus LeC., Hydroporus, 279, 285, 315,

417, 441,469

striatus Aube, Agabus, 335

striatus L., Dytiscus, 386

stridulator Sharp, Agabus, 341

stridulatus Zimm., Agabus, 341

strigatus LeC., Colymbetes, 388

strigulosus (Crotch), Agabus, 334, 347, 348,

349.418, 446, 448, 453,476

strigulosus Crotch, Gaurodytes, 348

striola Gyll., Hydroporus, 283, 306, 416, 441,

443, 466

subaeneus Erichson, Ilybius, 371, 372, 374,

375.416, 449, 483

subfasciatus LeC., Agabus, 351

subfuscatus Sharp, Agabus, 347, 364

sublimbatus LeC., Dytiscus, 400

subopacus Mann., Agabus, 349

subopacus Mann., Agabus, 381

subtilis Erichson, Agabus, 328

subtonsus LeC., Hydroporus, 306

subvirescens Fall, Hydroporus, 415

suffusus Sharp, Deronectes, 316, 317

sulcatus L., Dytiscus, 409, 41

1

superioris J. Balfour-Browne, Hydroporus, 281,

288, 440, 443, 460

suturalis LeC., Hydroporus, 272

suturalis (LeC.), Hygrotus, 266, 272, 416, 439,

457

suturellus Harris, Colymbetes, 381

suturellus (Harris), Rhantus, 378, 379, 380,

381,449, 485

suturellus Wallis, Rhantus, 380

sylvanus Hilsenhoff, Acilius, 4 1

0

tademus Leech, Hydroporus, 282, 297, 298,

417,441,442, 463

tartaricus LeC., Hydroporus, 283, 313, 314,
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tartaricus LeC., Hydroporus (con’t), 416,

468

tenebrosus LeC., Hydroporus, 284, 310,

311,416, 442, 467

thoracicus Harris, Dytiscus, 407

tostus LeC, Colymbetes, 380

transpunctatus Chandler, Hydroporus,

284, 308, 441,442, 467

transversalis Pontoppidian, Dytiscus, 405

triseriatus Kby., Colymbetes, 389, 392

tristis Aube, Agabus, 331, 349, 350, 415,

418, 446, 448,453,476

tristis Pay k., Dytiscus, 305

tristis (Payk.), Hydroporus, 283, 305,

306, 443, 466

triton Fall, Agabus, 331, 343, 418, 445,

446, 447, 452, 474

tumidiventris Fall, Coelambus, 274

tumidiventris (Fall), Hygrotus, 265, 274,

418, 439, 440, 458

turbidus LeC., Hydroporus, 269

turbidus (LeC.), Hygrotus, 266, 269,

416, 439,452, 456

undulatus Say, Hydroporus, 280, 286, 287,

416, 440, 443, 460

unguicularis Crotch, Hydroporus, 273

unguicularis (Crotch), Hygrotus, 265, 267,

273, 439, 440, 458

unguicularis Thomson, Agabus, 342

vancouverensis Leech, Agabus, 340,

431

vandykei Leech, Agabus, 338, 339

varians LeC., Hydroporus, 305, 306

velox Leech, Agabus, 342

velutinus Aube, Hydroporus, 286

ventralis Mots., Dytiscus, 403

verisimilis Brown, Agabus, 330, 338, 339,

417, 446, 447, 452, 473

verticalis Say, Dytiscus, 395, 396

verus Brown, Agabus, 330, 368, 370,

415

vexatus Sharp, Dytiscus, 403

vilis LeC., Hydroporus, 291, 292, 293,

436

viridianeus Crotch, Ilybius, 374

vittatus LeC., Hydroporus, 280, 287, 440,

443, 460

vittula Erichson, Hydroporus, 306

wallisi Hatch, Rhantus, 378, 379, 380, 381,

wallisi Hatch, Rhantus (con’t), 382, 449, 485

yukonensis Fall, Hydroporus, 320, 321

zimmermanni Wallis, Rhantus, 381, 382

zonatus Hatch, Graphoderus, 407

zonatus (Hoppe), Graphoderus, 408

zonatus Zimm., Graphoderus, 407

KEYS
Key to Acilius species, 409

Key to Agabus species, 329-335

Key to Colymbetes species, 386-387

Key to Dytiscidae genera, 257

Key to Graphoderus species, 406

Key to Hydroporus species, 280-286

Key to Hygrotus species, 264-267

Key to Ilybius species, 371-372

Key to Laccophilus species, 259

Key to Laccornis species, 326

Key to Liodessus species, 262

Key to Neoscutopterus species, 384-385

Key to Rhantus species, 378-379

GENERA
Acatodes Thomson, 327

Acilius Leach, 248, 250, 255, 258, 406, 409,

411,429,451

key to species, 409

Agabinectes Guignot, 328

Agabus Leach, 246, 248, 250, 258, 261, 327,

328, 329, 338, 341, 343, 345, 347, 350,

353, 363, 368, 370, 427, 428, 429, 431,

445, 446, 447, 448, 452, 453, 454

key to species, 329-335

Agaporus Zimmermann, 248, 325, 427

Anagabus Jakowlew, 328

Anisomera Lee., 327

Apator Semenov, 328

Arctodytes Thomson, 328

Asternus Guignot, 328

Bidessus, 428, 436

Carrhydrus Fall, 258, 369, 370

Coelambus Thomson, 248, 264, 427, 435

Colymbetes Clairville, 248, 250, 256, 258, 384,

386, 428, 430, 437

key to species, 386-387

Copelatus, 248, 256, 436

Coptotomus Say, 254, 255, 258, 373, 377

Cybister, 434

Cymatopterus Boisduval & Lacordaire, 386
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Deronectes Sharp, 279, 319, 431

Desmopachria Babington, 248, 257, 261,

436

Dichodytes Thomson, 328

Dichonectes Guignot, 328

Dytisciis L., 248, 250, 251, 255, 256,

258, 394, 395, 397, 398, 403, 404,

434, 435, 451

key to species, 395-397

Eriglenus Thomson, 327

Gaurodytes Thomson, 328, 437

Gmphoderes Thomson, 406

Graphoderus Dejean, 248, 250, 255,

258, 406,409, 435

key to species, 406

Heteronychus Seidlitz, 328

Heterosternus Zimm., 279

Hydaticus Leach, 248, 258, 405

Hydronebriiis Jakowlew, 328

Hydroporus Clairville, 246, 248, 257,

279, 300, 301, 303, 304, 313, 314,

321, 323, 325, 328, 427, 428, 429,

430, 431, 435, 436, 440, 441, 442,

443, 444

key to species, 280-286

Hydrovatus, 248, 436

Hygrotus Stephens, 248, 257, 264, 267,

268, 272, 277, 278, 384, 425, 439, 440,

443, 452

key to species, 264-267

Tlybiosoma Crotch, 328

Ilybius Erichson, 248, 258, 350, 370,

371, 372, 375, 427, 435, 437, 449

key to species, 371-372

Laccodytes Reg., 258

Laccophilus Leach, 248, 250, 257, 259,

261, 436, 437

key to species, 259

Laccornis Des Gozis, 248, 257, 325, 417,

431, 444

key to species, 326

Leionotus Kby., 394

Liodessus Guignot, 257, 262

key to species, 262

Macrodytes Thomson, 394, 397

Matus, 248, 436

Meladema LeC., 384

Nartus Zaitzev, 378, 379

Nebria, 337

Nebriogabus Guignot, 328

Necticus Hope, 327

Neoscutopterus J. Balfour-Browne, 258, 384,

450

key to species, 384-385

Neptosternus Sharp, 258

Oreodytes Seidlitz, 279, 319

Paras temus Guignot, 328

Potamodytes Zimm., 279

Potamonectes Zimm., 279

Pseudoscutopterus Hatch, 384

Rantogiton DesGozis, 378

Rhantus Dejean, 248, 258, 378, 379, 384, 435,

437, 449

key to species, 378-379

Scutopterus Sharp, 384

Scytodytes Seidlitz, 328

Suphrodytes DesGozis, 279

Xanthodytes Seidlitz, 328

SUBFAMILY
Colymbetinae, 258, 327, 328, 373, 378, 384

Dytiscinae, 258, 327, 394, 405, 406

Hydroporinae, 257, 261, 326, 327

Laccophilinae, 254, 257, 258, 327

FAMILY
Dytiscidae, 254, 415, 419, 425, 426, 427,

429, 430, 431, 432, 434, 435, 436, 437
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BOOK NOTICE

WALKER, E. M., and P. S. CORBET. 1975. The Odonata of Canada and Alaska. Volume three.

Part III; the Anisoptera — three families. University of Toronto Press, Toronto [Ontario]
,
and

Buffalo [New York] . xvi + 307 pages, 45 plates, including line drawings and photographs. Price

$25.00 Canadian.

This volume concludes the first extensive systematic treatment of the northern Nearctic ele-

ments of this order of insects, noted both for its antiquity and its syndrome of highly derived

structural and behavioral features. The Odonata are also noted for attracting the attention of

brilliant and distinguished biologists, and providing for those individuals a worthy medium of

expression for their talents. It is both fitting and satisfying to find the name P. S. Corbet associated

with the name E. W. Walker. As noted by G. B. Wiggins in the Foreward, Professor Walker, the

sole author of the first two volumes in this series, suffering from the ravages of advanced age, did

not live to see publication of the third volume. In 1964, Professor Corbet accepted the challenge

to complete the work and, in doing so, he maintained the style of the earlier volumes, unobtru-

sively adding his own knowledge and observations to those of the senior author.

The Introduction provides guidance to effective use of the book by setting out fully and

clearly the arrangement and limitations of the contents (for instance, characters used in keys to

immatures are intended only for recognition of nymphs in the final instar).

Taxa of the families Macromiidae, Corduliidae, and Libellulidae, which comprise the super-

family Libelluloidea, are the subject matter of this volume. The 76 species are arranged in 20

genera. All taxa are characterized structurally and ecologically, and keys are provided for their

identification. Excellent line drawings and photographs illustrate diagnostic features of both

adults and immatures.

Descriptions of structural features of species are presented in small type, with data on synonymy,

habitat and range, distribution in Canada, and field notes, in type of a larger size. The field notes,

for the most part, are clearly expressed accounts of Professor Walker’s observations, based on more

than a half century of work with Odonata. Also included are citations of published observations
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of other workers.

An Addenda and Corrigenda section up-dates the material included in the earlier volumes,

and an extensive Bibliography provides an excellent introduction to the literature of dragon-

flies.

Care has been taken to ease the task of the reader in seeking specific information. The text

is extensively cross-referenced with page numbers. There are indexes for subject matter and

names of authors. Additionally, an “Odonata Index” provides an alphabetical list of names of

taxa, with specific epithets under their respective generic names, and with page references to

definitive descriptions in boldface, followed by page references to the appropriate key, followed

by other references.

The University of Toronto Press is to be congratulated for its usual meticulous attention to

detailes of layout, production, and binding, which has resulted in an excellent, though expensive,

book. Publication costs were met with funds not only from traditional sources (National Re-

search Council of Canada and University of Toronto Press), but also by a grant from a seemingly

unexpected source - the Canadian National Sportsmen’s Show.

Knowledge of northern dragonflies is now such that systematists can turn from description

and diagnosis to other aspects of dragonfly diversity: speciation, phytogeny, and zoogeography —

both historical and ecological. Morphologists, ecologists, geneticists, biochemists, and behavior-

ists and other physiologists can take up study of this group with a high degree of assurance that

msot of the species can be recognized. Thus, information gathered can be associated with the

proper names and hence stored under them for retrieval by future biologists. Professor Corbet

concluded the Preface with the hope that, after Homo sapiens has brought under control his

own population growth and destructive power, the remaining freshwater habitats would be

sufficient to sustain a diverse and vigorous dragonfly fauna. If this happy situation is realized.

I’m sure biologists of that time who study these fine insects, will receive guidance and inspir-

ation from the work of Edmund Walker and Philip Corbet.

George E. Ball

Department of Entomology

University of Alberta
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BOOK REVIEW

NACHTIGALL, W. 1974. Biological Mechanisms of Attachment. The Comparative Morphology

and Bioengineering of Organs for Linkage, Suction and Adhesion. Springer-Verlag. New York,

Heidelberg, Berlin, vii + 194 pages, 721 figures in 63 plates. Subject index. Cloth. No price given.

This is the age of the Reductionist in biology; of he who searches for fundamental laws which,

he hopes, will apply to all organisms through all time. The reductionist is usually sure that, even-

tually, all biological processes will be explainable in the rigorous language of physics and mathe-

matics.

One area in which this approach has been most productive is that of bioengineering: that “branch

of biology which applies the methods of engineering and physics to the study of biological pheno-

mena”. Professor Nachtigall is an enthusiastic and ingenious contributor to this field, particularly

with regard to locomotion in aquatic and flying insects. That he is also a talented populariser of

science is obvious in this book and in his recent treatise on insect flight (reviewed by Craig (1975)

in this journal (Quaest. Ent. 11(1): 111-1 12)). In addition, he is unusual among reductionists in

that he has an appreciation for diversity. As he says in his preface: “At a time when research and

teaching concentrate more and more on particular topics and examples. ... it appears to me necessary

that the biologist recall from time to time how extraordinarily varied are the possibilities which

nature offers for solving any set of problems. This compendium of facts is intended to contribute to

that end”.

In this book Nachtigall describes about 500 structural types of biological attachment mechanism

found in various plants and in animals from Protozoa to mammals. Arthropods and especially insects

figure prominently in his discussions because of the endless adaptive flexibility exhibited by the

arthropod exoskeleton. He treats the four principal types of attachments occurring in organisms

(1) rigid and 2) flexible permanent attachments and 3) rigid and 4) flexible releasable ones) but does

not include animal joints because “.
. . one who undertakes this task can be expected to be inundated

with a superabundance of structural designs. Even a moderately comprehensive summary would, by

itself, fill another book”.

Almost every mechanical gadget devised by man to aid him in his day-to-day activities can be

found, often in identical form, in one or another organism. Carpenter’s joints, plugs and sockets,

hooks and eyes, snap fasteners, zippers, clamps, grippers, anchors, probabalistic fasteners, expansion

fasteners, suction cups and glue and many others have their biological equivalents. These are discussed

in order of their mode of action not according to the phylogeny of the organisms that bear them.

Most devices he describes are illustrated with original figures extracted from the literature and

organized into plates. These are liberally salted with clear diagrams of man-made gadgets having

analogous functions.

When explaining how each works, Nachtigall uses the simple and precise terminology of the engineer.

This practice sometimes does violence to the biologist’s use of similar terms for homologous structures,

but makes for easier understanding. Active students of biological structure and function will find in

Nachtigall’s book a ready source of precise terms to describe their findings.

Again and again Nachtigall shows that completely unrelated lines of organisms, when faced with

similar problems, have solved them in similar ways through convergent evolution. His treatment of

each organism and its device reveals a broad knowledge of plants and animals.

One of the most detailed and satisfying descriptions in the book is that concerning the six ventral

suckers of larval Blephariceridae (pp. 100-106). The larvae of these nematocerous flies live in torren-

tial streams on rocks where they “wander slowly over the diatomaceous meadows on which they

feed”. When a larva is moving, a maximum of three suckers may be released from the substrate at

any one time. The other three must hold firm or the larva will be washed away be the current. The

larva moults three times before pupating and each time is confronted with the problem of shedding

Quaest. Ent. 1975, 11 (4)
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its old cuticular suckers without losing its grip. It accomplishes this task by shedding each sucker
j

in sequence so that the new suckers are already attached before the old ones are released. Also,

each new sucker is formed by the epidermis in a functional condition above the old - ready to
J

attach to the rock at the moment of ecdysis. ,

This description is one of very few in which the development of a structure is followed in detail.

It serves to focus attention on a prominent void in our knowledge of animals - particularly of
|i

arthropods. The problems the epidermis faces in shedding and replacing complex, 3-dimensional <

articulations in immature arthropod bodies is one in great need of additional study even, it is hoped, ^

by the mathematical topologist. There are too many generalizations in text books based on too

few observations of too few animals.

Although this book is an “easy read” it should be consumed slowly and in small bites because of I

the overwhelming amount of detail it contains. When one does this one notices subtle dashes of
|

humour that one would probably miss with a superficial reading. An example of this is his inclusion of i

Stumpke’s imaginary Rhinograde “honey tail” in a paragraph on polyplacophoran Mollusca. “These
^

animals attach themselves by means of the broadened nose to a pillar-like pedestal called the sella, i

which is secreted by special skin glands within the suction surface. They lead a sedentary life and ‘-j

break the attachment only during the mating season. Unfortunately, souvenir-hunting humans have i

decimated these singular inhabitants of tropical islands, so that closer investigation of theh attach- I

ment mechanisms appears unlikely” (p. 88). Or, on page 162: “One fitting final example (of coiled

connections) is the little known mode of copulation of the bug Lygaeus equestris. The remarkable,
I

helical genitals of these animals and the “twisting” motions involved in their mating may even offer

an entomological etymology of the curious American slang for this procedure!”. J

The success of the English addition of this book will be largely due to Dr. Marguerite Biederman-

Thorson’s sympathetic translation (she contributed equally successfully to the translation of
I

Nachtigall’s flight book).

My two criticisms concern the unfortunate printing of scientific names in Roman rather than in

italics and the muddy reproduction evident in some plates (eg. Plate 19). Several others suffer from too !

much reduction such that details described in the text are difficult to follow in the drawings.
,

In an epilogue, Nachtigall states; “One can argue conservatively that the half-thousand structural
I

types (of attachment mechanism) discussed here represent perhaps one percent of all the functional

morphological devices which have been realized. A very wide field is open, not only to the biologist I

interested in mechanical design, but to the engineer as well, for the study of nature may lead him

to new designs of his own”. In conclusion I suggest that if Nachtigall succeeds in getting engineers

to look more to nature when designing their devices and making their recommendations he will

merit the gratitude of us all.
j

Bruce Heming

Department of Entomology

University of Alberta

Edmonton, Alberta T6G 2E3
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Dicolonus sparsipilosum Back, male.
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The North American members of the tribe Dioctriini, sensu Hull, 1962, with the addition

o/Bohartia, are arranged in two tribes, Dioctriini s. str., with one genus and two subgenera,

Dioctria and Nannodioctria, and a new tribe, Echthodopini, with six genera, Bohartia, Dicolonus,

Echthodopa, Eudioctria, Metadioctria, and Myelaphus. A sister group relationship between the

two tribes is postulated, with Dioctriini the more derived. Keys, descriptions, figures and phylo-

genetic analyses are provided for all nearctic species, as follows: Dioctria, nine species including

two new species, australis and wilcoxi; Bohartia, seven species including six new species, isabella,

martini, munda, nitor, seneca and tenuis; Dicolonus, /ivc species, including three new species

medium, nigricentrum and pulchrum; Echthodopa, three species; Eudioctria, 14 species including

three new species, disjuncta, dissimilis and unica; Metadioctria, one species; and Myelaphus, two

species. The origin and dispersal of members of each tribe is discussed.

Nous rearrangeons les membres nord-americains de la tribu des Dioctriini, selon Hull, 1962,

avec Taddition du genre Bohartia en deux tribus, les Dioctriini s. str., avec un genre et deux

sous-genres, Dioctria et Nannodioctria, et une nouvelle tribu, Echthodopini, avec six genres,

Bohartia, Dicolonus, Echthodopa, Eudioctria, Metadioctria, et Myelaphus. Nous postulons que

les deux tribus forment des groupes-soeurs; les Dioctriini etant consideres comme les plus derives.

Nous pourvoyons des clefs, des descriptions, des illustrations et des analyses phylogenetiques

des especes nearctiques comme suit; Dioctria, neuf especes dont deux nouvelles, australis et

wilcoxi; Bohartia, sept especes dont six nouvelles, isabella, martini, munda, nitor, seneca, et

tenuis; Dicolonus, cinq especes dont trois nouvelles, medium, nigricentrum et pulchrum;

Echthodopa, trois especes; Eudioctria, quatorze especes dont trois nouvelles, disjuncta, dissimilis

et unica; Metadioctria, une espece; Myelaphus, deux especes. L’origine et la dispersion des

membres de chaque tribu est discutees.
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INTRODUCTION

The diverse family Asilidae contains over 400 genera distributed by most authors among

four subfamilies, Dasypogoninae, Leptogastrinae, Laphriinae and Asilinae. Members of the

family vary greatly in size, colour and proportions, but few reliable structural characters have

been found on which to base tribal or generic group taxa. The tribe Dioctriini belongs to the

Dasypogoninae, containing about three-fourths of the genera of the family, and in which the

problem of determining relationships and phytogeny is particularly acute.

Hull (1962) was first to study the entire family at the generic level. His treatment, though

phenetic, ranks as an important advance because it was world-wide in scope. More recently

Papavero (1973) has initiated another analysis of the subfamilies and tribes. This study is espec-

ially valuable for its comprehensive review of previous classifications. Papavero raises many

of Hull’s tribes to subfamilial rank, yet his dendrogram of the family (fig. 1
,
p. 234) still reflects

the classical tricotomy of Asilinae, Dasypogoninae and Laphriinae. He excluded the Lepto-

gastrinae as a separate family. Papavero is the first to attempt a phylogenetic analysis of asilids,

and we hope that he will in future instalments elaborate more fully his reasons for his choice

of primitive and derived characters.

The tribe Dioctriini, as first proposed by Hull (loc. cit.) included four nearctic genera, Di-

colonus, Echthodopa, Myelaphus and Dioctria, with suhgQnQra Naimodioctria, Metadioctria

and Eudioctria. These were grouped together, along with several Old World genera, because of

their “generalized” appearance, open marginal and posterior wing cells, two-segmented palpi

and absence of acanthophorites, or spine-bearing lobes of the female tenth tergum (Hull at-

tributed them to the ninth). Hull believed all of these characters to be primitive, hence from

a phylogenetic point of view his Dioctriini was based entirely on symplesiomorphy. While we

concur with him that open marginal and posterior cells and two-segmented palpi are likely to

be primitive, as they represent the condition in the Tabanomorpha, we cannot agree that a

lack of acanthophorites is primitive. Nevertheless we are able to maintain his dioctriine assem-

blage, at least its nearctic^members, essentially as he proposed it, but for rather different reasons,

namely the synapomorphy of the absence of acanthophorites, coupled with an overall similarity

in detailed structure of the antennae and terminalia, that also appears to us to be synapomor-

phic.

Acanthophorites, strictly speaking, are spine-bearing lobes of the tenth tergum of the female,

although the term has also been used as if the spines alone are meant. These spines are stout,

blunt and usually curved dorsally, and occur in a row along the posterior edge of each lobe of

the tenth tergum which is more or less deeply emarginate mid-posteriorly (Eig. 136). They are

assumed to be used for digging in the soil preparatory to oviposition and are present in the

majority of Dasypogoninae, but other asilids lack these spines. Structures that appear to us

to be closely similar to dasypogonine acanthophorites, in both appearance and position, are

also present in the other families of Asilomorpha (viz., Therevidae, Scenopinidae, Mydidae and

Apioceridae), all believed to be closely related to asilids (Hennig 1954, 1973).

As stated above, Hull (1962) believed that acanthophorites were derived structures and had

evolved independently in each of the groups in which they are found. He placed emphasis on
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this condition by grouping all those dasypogonine tribes lacking acanthophorites, viz. Dioctri-

ini, Damalini, Laphystiini, Phellini and Chrysopogonini at the beginning of his classification.

We have reached the opposite conclusion, namely that acanthophorites are primitive struc-

tures, present in the ancestors of all the Asilomorpha, which have been lost subsequently sev-

eral times. Consequently their presence in a genus or tribe of any one of these families must

be considered as primitive, while their loss would be derived.

The relative plesiomorphy of acanthophorites has an important bearing on the position of

the Asilidae within the Asilomorpha. If asilids were the most primitive member of the group

it could be argued that acanthophorites evolved only twice, once in the dasypogonines and

once in the ancestor of the rest of the Asilomorpha. Acanthophorites would then not be homo-

logous between asilids and the other five families, and their presence in asilids would be de-

rived. It is true that the asilids, along with therevids, have the least specialized wing venation

(Hennig 1974) but we consider it unlikely that asilids are the most primitive member of the

Asilomorpha in view of the unique specialization of their mouthparts. Unlike the biting Nemato-

cera and Tabanomorpha, which primarily use their well-developed mandibles as cutting tools,

asilids lack mandibles entirely, and instead have evolved a strong spear-like hypopharynx for

stabbing and paralyzing their prey. The alterations in the labella, which have lost their lapping

function entirely, and have become restructured into a guide for the hypopharynx, also have

persuaded us that asilids have developed the biting habit cle novo, quite independently of other

biting Diptera, from a therevid-like ancestor in which the mandibles had already been lost.

Other unrelated evidence that acanthophorites have been secondarily lost can be found in

the asiline genus Proctacanthus. All Asilinae lack true acanthophorites, but some species of

Proctacauthus, which live in sandy areas, have acquired groups of strong curved spines on the

cerci, analogous to acanthophorites, that evidently aid them in ovipositing in soil.

A third piece of evidence is in the presence of acanthophorites among some Bombyliidae,

formerly placed in the Asilomorpha (Hennig 1954) now classified by Hennig ( 1974) with

the Tabanomorpha.

In conclusion, therefore, we believe that possession of acanthophorites is symplesiomorphic,

i.e., the ancestor of all Asilomorpha possessed them, therefore those Dasypogoninae still pos-

sessing them may be considered more primitive than those that lack them. In addition, their

absence may be taken as evidence of closer relationship. This is not to suggest that all asilids,

or even all dasypogonines, that lack acanthophorites are closely related, for other evidence

mitigates against such a hypothesis. Of the five tribes stated by Hull to lack acanthophorites,

the Phellini and Chrysopogonini are Australian, and no specimens were available for study.

Nevertheless it is worth noting that not all of the members of either of these tribes lack acan-

thophorites. We have examined all the North American representatives of Damalini and Laphy-

stiini, as well as Damahis itself, and find it impossible to visualize any close relationship between

either of these tribes and the Dioctriini or Echthodopini. Therefore we can only conclude that

at least two, and probably several groups of Dasypogoninae have independently lost their acan-

thophorites.

The nearctic species of Dioctha were last revised by Wilcox and Martin (1941), who proposed

three subgenera, Eudioctria, Metadioctria and Neodioctria; the latter name was changed to

Nannodioctria (Wilcox and Martin 1942) because of preoccupation. Martin and Wilcox (1965)

transferred to Dioctria a fourth subgenus, Bohartia Hull, 1958, which Hull ( 1962) had earlier

included in the Laphystiini. Many new species have since been discovered, and it is the purpose

of the present study to treat all nearctic species of these genera.

During the course of this study it became apparent that Dioctria s. str. and Nannodioctria

possess several synapomorphic features, especially in the structure of the proboscis, that are

not shared with Eudioctria, Metadioctria or Bohartia, nor with other dasypogonines, as far as

Quaest. Ent. 1975, 11 (4)
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we can determine. This was considered as grounds for restricting the tribe Dioctriini to Dioctria

alone, with Nannodioctria as a subgenus. Eudioctria, Metadioctria or Bohartia, are each elevated

to full generic rank, and are placed, along with Dicolonus, Echthodopa and Myelaphus in a new

tribe, Echthodopini. As a group, this new tribe cannot readily be defined by synapomorphic

characters, but no reason could be found to show that they did not form a monophyletic group,

and they are considered in this paper as the primitive sister group of the Dioctriini 5. str.

MATERIALS AND METHODS

During the preparation of this paper a total of about 4000 specimens were obtained from

ten institutions and two private collections as follows: American Museum of Natural History

(AMNH), New York City, N. Y.; Arizona State University (ASU), Tempe, Ariz.; California

Academy of Sciences (CAS), San Francisco, Calif.; California Insect Survey (CIS), University

of California, Berkeley, Calif.; Canadian National Collection (CNC), Biosystematics Research

Institute, Ottawa, Ont.; Cornell University (CU), Ithaca, N. Y.; University of California, Davis

(UCD), Calif.; University of California, Riverside (UCR), Calif.; University of Idaho (UI),

Moscow, Ida.; United States National Museum (USNM), Washington, D. C.; Utah State Univ-

ersity (USU), Logan, Utah and the private collections of Dr. C. H. Martin (CHM) and Dr. J.

Wilcox (JW). The initials given above after each collection are those used below to indicate

deposition of type material.

Preparation of mouthparts and genitalia was done by macerating these parts in 10% potassium

hydroxide, neutralizing in 90% acetic acid, washing in 70% alcohol and then in water. These

structural parts were then stored in glycerine in microvials and pinned below the specimens

from which they came. Drawings were made with the aid of a camera lucida.

The species were then grouped into sister species (i.e., those two species sharing the largest

number of apomorphic characters) and in turn pairs of sister species were grouped in similar

fashion to form larger monophyletic units, i.e., species groups. Phylogenetic analysis has been

presented in the form of dichotomous tables (Tables 1-6). The sister group which is believed

to have the greatest number of apomorphic characters is placed on the right side of the table.

In this way, the table has been used to show the interpretation of the direction of evolutionary

changes, i.e., from left to right. However, each lineage usually develops some apomorphic char-

acters of its own and thus it is not clear in every case which line of the two has diverged more.

Dendrograms were also constructed to indicate sister group relationships of species, species

groups and higher taxa by repeatedly linking monophyletic units together with their sister groups.

Each of the branches (lineages) and branching points in the dendrogram has been numbered to

facilitate cross reference to the text and to the accompanying dichotomous table. For example,

in the dendrogram for the genus Dioctria (Dendr. 2) the common ancestor of this group is given

the number 2. Each of the two resulting lineages is numbered 2.1 and 2.2. The branch to the

right (2.2), leading in this case to the subgenus Dzoc/'m, is believed to have the greatest number

of apomorphic characters. The left branch (2.1), leading to the subgenus Nannodioctria, is be-

lieved to be more primitive than the right branch. Subsequent points of divergence are distin-

guished by letters, i.e. 2A, 2B, etc. and the two lineages arising from 2A are numbered 2A.1

and 2A.2, from 2B, 2B.1 and 2B.2. By means of this numbering, the characteristics of each

lineage can be more readily located in the accompanying dichotomous table.

MORPHOLOGY AND TERMINOLOGY

Head (Fig. 1, 21-32). Frons separated by bases of antennae into ventral preantennal region, pre-frons (Crampton 1942),

or face (Fig. lA, fc) (Walton 1909), also named frontoclypeus (Peterson 1916) and dorsal postantennal region, post-frons or
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simply, frons; face well-developed, usually flattened, lower part convex in some taxa, in form of facial gibbosity, with group

of hairs or bristles, the mystax (Fig. IB, mx) arranged as cluster on gibbosity (Fig. 26-32) or reduced to transverse row along

lower margin of face (Fig. 21-25); hairs or bristles of mystax varied from black or yellow to white or mixture of either;

antennal bases (Fig. IB, ant. b), i.e. region of frons immediately surrounding points of attachment of antennae varied from

flat (Fig. 21, 22, 27) to strongly elevated, in form of tubercle-like structure (Fig. 23-26, 28, 29), in some taxa extended

anterodorsally to level of vertex; mid-dorsal area of head at frontovertex moderately to strongly sunken or excavated between

eyes, edges of frontovertex at eye margins and ocellar tubercle raised below lowest level of frontovertex, thus separated from

one another by furrow or groove; furrows of various depths, extended from antennal bases around ocellar tubercle and con-

vergent posteriorly on occiput, enclosing on occiput area here termed vertical extension, which may be posterior extension

of vertex or part of occiput itself. Antenna (Fig. 7-20) three segmented, varied in shape, size and pile pattern; first segment

cylindrical, varied in length and in texture, color, pattern and abundance of pile; second segment somewhat compressed lat-

erally, widened dorsoventrally toward apex, usually shortest (except in Dioctria albicornis Wilcox and Martin (Fig. 7)), with

pile only on apex dorsaUy and ventrally; third segment elongate, varied in thickness, from subcylindrical and slightly tapered

apically to broadened in middle, or compressed laterally, terminated in one- or two-jointed apical appendage or style, varied

in shape and size, from short subtruncate (Fig. 12-14), spoon-shaped (Fig. 15-18, 20), scaphiform (Fig. 11) or flattened later-

ally (Fig. 19) usually with small spine within its cupped dorsal or apical region.

Mouthparts (Fig. 33, 34). Labrum (b) relatively short, triangular; mandibles absent; lacinia unserrated (d); labium heavily

sclerotized, more or less tubular, rounded (Echthodopini) or pointed (Dioctriini) apically, in form of rigid proboscis around

hypopharynx (e, f); labella fused midventrally, but free apically and dorsally, folded with lateral edges in contact to form

dorsum of proboscis; with (Echthodopini) or without (Dioctriini) notch near apex, here believed to be homologous to

similar notch in thickened upper rim of labellum of other Brachycera; tip of labeUum membranous, with sensory hairs; labial

pile pale yellowish or whitish, either on apical dorsal edge of labella and apex of prementum in those forms with pointed

proboscis (Dioctriini) (Fig. 33), or on apical ventral surface of labella and over most of prementum in remaining forms with

apically blunt-tipped proboscis (Echthodopini) (Fig. 34). For a more detailed discussion see Melin (1923) and Adisoemarto

(1965).

Thorax (Fig. 2, 35-53). Thoracic sclerites varied interspecifically in shape and size, in colour of integument and in colour

and distribution of pollinosity and pile; lateral cervical sclerite (Fig. 2, Ics) either bare or pilose; prothorax well developed,

antepronotum (apn) bare, poUinose, or pilose and traversed by furrow, post-pronotum or humerus (ppn) elongate and slanting

(Fig. 35, 36) or short and upright (Fig. 37-44), with pile varied from short and sparse to long and abundant (Fig. 40); meso-

pleuron (Fig. 2, msp), in Dioctria subg. Dioctria, with ridge near posterior margin (Fig. 2, mpr; 37-39); sternopleuron (stp) in

Echthodopini with furrow extended upward from point between front- and mid-coxal attachments (Fig. 40-44); scuteUum

bare or partly to largely poUinose (Fig. 49, 50), or with short fine hairs (Fig. 45, 46), appressed pile (Fig. 52), stiff erect hairs

on edge (Fig. 47) or densely pUose on both edge and dorsal surface (Fig. 48, 51, 53).

Wing (Fig. 4, 54-59) either hyaline or slightly infuscated, paler along veins or with white or orange coloration on basal

third; in general, one of two types, either narrower, with fourth branch of radial vein (R^) ended at or behind wing tip and

alula absent (Dioctriini) (Fig. 54-56), or wider with usuaUy ended before wing tip and with alula (Fig. 3, al) usually weU

developed (Echthodopini) (Fig. 57-59).

Legs (Fig. 3, 60-76). AU 3 pairs of legs varied in colour and in pilosity, from sparse and hair-like to abundant and bristle-

like, in some species femur with both erect and appressed hairs (Fig. 64); hind femur (Fig. 3, fm) slender and club-shaped

(Dioctria) (Fig. 60-62) or stouter, thickest subbasally or mediaUy; hind tibia (tb) club-shaped (Fig. 60-62) or only graduaUy

thickened apicaUy (Fig. 63-70); hind legs tuberculate in some species (Fig. 66-68); in some species hind basitarsus conspicuous-

ly enlarged, longer than succeeding three segments (Fig. 60-62), and hind empodium comparatively shorter and completely

covered with poUinosity (Fig. 71-73); in other species empodium slender, longer and poUinose only basaUy (Fig. 74-76).

Abdomen (Fig. 77-82). Pregenital part of male with eight segments, in female, eighth sternum part of ovipositor; first

abdominal segment short with pile on posterolateral corner; second segment parallel-sided or narrower posteriorly with dis-

tinct subbasal groove turned forward laterally; third segment paraUel-sided or slightly widened posteriorly; subsequent seg-

ments each a little shorter and wider than preceding, widest at apex of fifth segment; eighth tergite, in both sexes, concealed

under seventh tergite; eighth sternite absent from male; in some species, abdominal segments relatively wider in female than

corresponding segments of male.

Male genitalia (Fig. 5, 83-109). Ninth tergite or epandrium (Fig. 5, epa) trapezoidal with short pointed arms (Fig. 83-92,

107), deeply cleft posteriorly (Fig. 93-104), bifurcate (Fig. 105, 106) or in two halves (Fig. 108); ventral surface of epandrium

with pair of sclerites, surstyU (ss), (= edita, Crampton 1942, Emden and Hennig 1956), well developed in some species (Fig.

83-88) or flat (Fig. 89-109) and in some taxa fused mesally (Fig. 105, 106); ninth sternite or hypandrium (hpa) trapezoidal

(Fig. 83-88), heart-shaped (Fig. 90-92) or elongate (Fig. 94, 95, 109); gonocoxites (gc) articulated between epandrium and

hypandrium, each with distal gonostylus (gs) and from one to three additional unarticulated processes, (1) lateral process

(Ip) (Karl 1959) originated on inner surface of gonocoxite lateral to base of gonostylus, and varied from club-shaped (Fig. 83-

91) or T-shaped (Fig. 107, 108) to flat or scoop-Uke (Fig. 96-97) (absent from Eudioctria media Banks (Fig. 93)), (2) medio-

ventral process (mvp) on ventral inner edge of gonocoxite mesal to base of gonostylus, varied from small and finger-Uke (Fig.

83-88) to broad (Fig. 98-100) (absent from Eudioctria monrovia Wilcox and Martin and E. dissimilis new species (Fig. 94,

95)), and (3), in some species, with lateral outgrowth on outer surface of gonocoxite, here termed lateral arm of gonocoxite

(Fig. 93, gca); aedeagus (Fig. 5, ae) more or less funnel-shaped at base, narrowed to tube-like apex, and in some species with

pair of short dorsolateral processes (adp), simple (Fig. 83-88) or lamellate (Fig. 89-92); apex of aedeagus in some other species

Quaest. Ent. 1975, 11 (4)
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Dendrogram 1. Phylogeny of the genera of Dioctriini and Echthodopini (see Table 1 for explanatory notes).
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directed more or less ventraUy, associated with this is a variously shaped process on dorsal surface, sclerotized (Fig. 93-100)

or membranous (Fig. 101-106), and here called dorsal process of aedeagus (Fig. 93, dpa).

Ovipositor (Fig. 110-139). Ovipositor formed from eighth, ninth and tenth segments; eighth tergite or epigynium (Fig.

6, epg) (Crampton 1942) reduced in size but unmodified in shape; eighth stemite or hypogynium (hpg) (Crampton 1942,

Emden and Hennig 1956), ventral to epigynium, posteriorly with pair of lobes termed hypogynial valves (hv), and interpreted

as homologous to anterior gonopophyses of Tabanidae (Mackerras 1955) or by Cole and Wilcox (1938), probably incorrectly,

as ninth sternite; vagina (Reichardt 1929) in form of pouch-hke space between epigynium and hypogynium; spermathecal

opening (Fig. 6, gf) on dorsal wall of vagina, flanked by pair of sclerites, comprising ninth stemite, here believed to be homo-

logous to genital fork of Nematocera and Rhagionidae, in some taxa fused at anterior ends in form of single inverted V- or

U-shaped sclerite (Fig. 114-118, 127); pair of small sclerites each attached to apex of arm of genital fork here interpreted

as remnants of ninth tergite rather than as part of ninth sternite as was interpreted by Reichardt 1929, Crampton 1942,

Emden and Hennig 1956, (such sclerites absent from rhagionids Rhagio (Fig. 131), Symphorornyia (Fig. 132) or Chrysopiliis

(Fig. 1 33) in the bombyliid Aphoebantus (Fig. 138), and mydid Nemomydas (Fig. 137), all with clearly recognizable ninth

tergite, undivided or in some taxa divided longitudinally into two halves (Fig. 132), dorsolateral in position, with unmistak-

able ventrolateral connection on each side to arm of genital fork); eighth and tenth tergites separated by extensive membranous

gap, from which dorsal portion of ninth tergite is presumed to have disappeared; tenth tergite (Fig. 110-130) narrow transverse

band, more or less emarginate posteriorly, without row of spines (acanthophorites).

TRIBAL AND GENERIC ARRANGEMENT

At the beginning of the following table (Table 1) are listed six characters used to group the

Dioctriini (sensu Hull) into two tribes, the Dioctriini ,5. str., with only one genus, and the

Echthodopini, with the remaining genera (see Dendrogram 1 following). The Dioctriini s. str.

is believed to be the more derived. The modification of the labella is peculiar to Dioctria s.

str., is not shared with any echthodopine or other dasypogonine genus; consequently it is

considered a derived character. Similarly the bare ocellar triangle, reduced mystax, and reduced

alula do not occur together in Echthodopini or in other dasypogonines.

A similar comparative analysis of the most important generic characters is also presented in

this table. Our phylogenetic interpretation of these facts is shown in Dendrogram 1.

Table 1. Characters used in Interpretation of the Phylogeny of Dioctriini and Echthodopmi.

1.1 Echthodopini

labella cylindrical, rounded apically, with subapical mem-

branous “notch” (Fig. 26-32).

ocellar triangle bristled,

mystax clumped.

sternopleuron with a vertical furrow or “suture”,

alula well-developed,

surstylus flattened or absent.

2.1 Dioctria (Nannodioctria)

*Prothoracic sclerites, especially postpronotum elongate.

Mesopleuron without ridge.

Occiput poUinose on lower half.

Antennal bases flat, not evident in profile (Fig. 21-22).

Frontovertex poUinose.

First antennal segment subequal in length to second

segment.

Lateral process of gonocoxite slender, not bulbous

subapicaUy.

3. 1 Dicolonus, Myelaphus, Bohartia and Metadioctria

*Abdominal segments parallel sided.

*Upper half of face with hairs (except Myelaphus)

Hind margin of epandrium moderately concave,

epandrial anus present.

1.2 Dioctriini

*labella pointed, flattened dorsaUy near apex, heavily sclero-

tized and without subapical “notch” (Fig. 21-25).

*oceUar triangle without bristles.

*mystax usuaUy reduced to a transverse row of bristles.

*sternopleuron evenly convex, without vertical “suture”.

*alula reduced.

*surstylus usuaUy with a smaU lobe.

2.2 Dioctria (Dioctria)

Prothoracic sclerites short.

*Mesopleuron with ridge near posterior margin (Fig. 37-39).

*Occiput with a pair of poUinose patches above foramen.

*Antennal bases protruding (Fig. 23-25).

*Frontovertex bare.

*First antennal segment elongate, longer than second segment.

3.2

Eudioctria and Echthodopa

Abdominal segments narrowest at intersegment between second

and third segment.

No hairs on upper half of face.

*Hind margin of epandrium deeply cleft, epandrial arms lost.

*Lateral process of gonocoxite bulbous subapicaUy.
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Table 1. (concluded). Characters used in Interpretation of the Phylogeny of Dioctriini and

Echthodopini.

Gonocoxite simple.

Lateral process of gonocoxite elongate.

Lateral process of aedeagus present.

4. 1 Eudioctria

Frontovertex poUinose.

Pteropleuron bare.

*Scutellum bare.

*Hind femur and hind tibia tuberculate.

Epandrium deeply cleft.

*Lateral outgrowth (arm) of gonocoxite long and

curved.

*Aedeagus with distinct dorsal process.

5.1 Bohartia and Metadioctria

Pile on ventral surface of first antennal segment longer

than that on dorsal surface.

Frontovertex narrowed toward antennal bases.

Sternopleuron pollinose.

PUe on upper face linear on each side.

Pile on mesonotum and abdomen erect.

Pile on mesopleuron marginal.

PUe on abdomen, especially on sides of second

segment, differentiated in length.

Lateral process of aedeagus lameUate.

6. 1 Bohartia

Frontovertex and occiput pollinose.

Mesonotum pollinose.

Mesonotal pUe short and sparse.

Abdomen wider in the middle.

7. 1 Dicolonus

Antennal style spoon shaped, one segmented.

Upper face around antennal bases pUose and pollinose.

First antennal segment densely pUose.

*Sternopleural suture absent.

Lateral processes of aedeagus greatly reduced.

*Gonocoxite with lateral subapical outgrowth.

Lateral process of gonocoxite flattened and broad.

*Lateral process of aedeagus absent.

4.2 Echthodopa

Frontovertex bare.

*Pteropleuron polhnose and pUose on anterior half.

Scutellum pUose.

Hind leg smooth.

*Epandrium divided into two lateral halves.

Lateral arm of gonocoxite reduced.

Aedeagus without dorsal process.

5.2 Dicolonus and Myelaphus

*PUe on first antennal segment uniform in length.

*Frontovertex paraUel sided.

*Sternopleuron bare.

Pile on upper face not linear.

PUe on mesonotum and abdomen recumbent.

PUe on mesopleuron extended from upper margin to sterno-

pleuron.

Abdominal pUe uniform in length.

Lateral process of aedeagus not lameUate.

6.2 Metadioctria

Frontovertex and occiput not poUinose.

Mesonotum bare.

Mesonotal pUe long and dense.

Abdomen paraUel sided.

7.2 Myelaphus

*Antennal style compressed laterally, two segmented.

*Upper face bare.

*First antennal segment bare.

Sternopleural suture present.

Lateral processes of aedeagus weU developed.

* denotes apomorphic condition.

Key to the North American Genera of Dioctriini and Echthodopini.

1 Apex of proboscis pointed, opening between labella dorsal and subapical, hypo-

pharynx protruded above and slightly proximad of apex; labella without subapical

notch (Fig. 33a); prementum shorter"than labella, with sparse pile restricted to apex;

R4 ended behind wing tip (Fig. 54-56); alula absent; ocellar tubercle without strong

bristles; hind femur club-shaped, abruptly enlarged apically; hind metatarsus con-

spicuously enlarged, at least as long as subsequent three tarsal segments (Fig. 60-

62) Dioctriini 2

r Apex of proboscis rounded, opening terminal; labella with subapical notch; pre-

mentum as long as or longer than labella, with abundant pile on entire lower surface;

R4 ended before wing tip (Fig. 57-59); alula present; ocellar tubercle with long hairs,

or bristles curving forward (except in Myelaphus)] hind femur thickest subbasally.
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or at middle or gradually enlarged apically; hind metatarsus shorter than three sub-

sequent tarsal segments (Fig. 63-70) Eehthodopini 3

2(1) Antennal style short, one fifth as long as third antennal segment, subtruncate or

spoon-shaped (Fig. 7-9); antennal bases not raised on tubercle, concealed behind

eye margin in profile (Fig. 2 IB, 22B) Dioctria (Nannodioctria), p. 514
2’ Antennal style long, one third to one half as long as third antennal segment, more

or less scaphiform (Fig. 23B, 24, 25B); antennal bases raised on a conical tubercle

visible beyond eye margin in profile Dioctria (Dioctria), p. 516

3 (F) Antenna with three well-developed flagellomeres, apical flagellomere arising between

two flap-like apical extensions of second (Fig. 19); face pollinose at most only on

lower margin (Fig. 30A); mystax narrow band of short, straight bristles along lower

margin of face Myelaphus Bigot, p. 528

3’ Antenna with only two flagellomeres, second minute, styliform (Fig. 12-18, 20);

face largely or entirely pollinose; mystax cluster of curved bristles (Fig. 26-29, 31,

and 32) 4

4 (3’) Upper half of face, below antennal bases, with abundant long hairs (Fig. 28 and 29);

gibbosity without pollen; anatergite with hairs Dicolomis Foew, p. 524

4’ Upper half of face without hairs or with at most single row along lateral margin (Fig.

26 and 27); face usually entirely pollinose; anatergite without hairs 5

5 (4’) Upper half of face destitute of hairs (Fig. 31 and 32); R4+5 branched distal to end

of discal cell . 6

5’ Upper half of face with a row of weak hairs on each side (best seen in profile);

R4-1-5 branched proximal to end of discal cell 7

6(5) Mesopleuron largely covered with smooth recumbent hairs; pollinosity on upper

hind corner of sternopleuron extended forward to pollinosity of front corner; scutel-

lum pilose (Fig. 51) Echthodopa Loew, p. 549
6’ Mesopleuron pilose at most on upper two thirds and along posterior margin; pollin-

osity on sternopleuron as two separate patches; scutellum pollinose or not, without

pile (Fig. 49 and 50) Eudioctria Wilcox and Martin, p. 537

7 (5’) Frontovertex and occiput pollinose; scutal pile short and appressed, scutellar margin

with short appressed hairs; notopleural and supraalar bristles thick

Bohartia Hull, p. 529
7’ Frontovertex and occiput shining black, without pollinosity; scutal pile long, abun-

dant and suberect; scutellar margin with long fine erect hairs; notopleural and supra-

alar bristles hairlike Metadioctria Wilcox and Martin, p. 535

Tribe Dioctriini Hull, 1962

As treated here, the tribe includes a single diverse genus, Dioctria s. str., with two subgenera,

Namiodioctria, a New World group with three species, and Dioctria, with two major species

groups. One group of some 50 species (Engel 1930) is entirely palaearctic {Dioctria baumhaiieri

Mg., a member of this group has been introduced into eastern North America). The other is

nearctic except for an unnamed Korean species, and includes only five species. Namiodioctria

is considered the more primitive of the two, based on characters shown in Table 1.

Diagnosis. - Ocellar tubercle devoid of bristles; region of frons with antennal bases strongly

elevated (except \n Nannodioctria), in fonn of tubercle-like structure (Fig. 23, 26, 28, 29);

facial gibbosity scarcely evident; mystax transverse row of strong bristles, in few taxa with

tendency to form clump of bristles; proboscis pointed apically, opening from which hypo-

pharynx protrudes is above and slightly behind pointed apex; dorsal margin at apex of proboscis
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flat or sliglitly concave in profile (Fig. 33a), dorsal edges of labella infolded; labella longer

than prementum, shining black, with distinct median longitudinal groove on ventral side,

without subapical notch on dorsal side (Fig. 33a); sternopleuron without vertical “suture”

or furrow; hind femur and hind tibia each club-shaped; alula absent; male surstylus with small

lobe or tubercle (Fig. 83-88).

Genus Dioctria Meigen

Subgenus Nannodioctria Wilcox and Martin

Dioctria, Neodioctria Wilcox and Martin, 1941; 7. Type-species; Dioctria (Neodioctria)

albiconiis Wilcox and Martin, 1941 : 7, by original designation. Preoccupied by Neodioctria

Ricardo, 1918; 58.

Dioctria, swhgQnm Nannodioctria Wilcox and Martin, 1942; 35, as new name fox Neodioctria

Wilcox and Martin nec Ricardo.

Diagnosis. — Antennal style short, one fifth as long as third antennal segment, subtruncate

or spoon-shaped; third antennal segment thickened in middle or subcylindrical; ratio of first

to second segment variable; antennal bases flat; face flat or slightly convex on lower part, yellow

to orange pollinose; occiput largely pollinose, only vertical extension bare; thorax black with

brownish markings along prothoracic suture, on post-pronotum, posterior half of pteropleuron,

posterodorsal corner of sternopleuron and upper margin of hypopleuron; prothoracic sclerites

comparatively elongate (Fig. 35 and 36); postpronotum broad, slanted.

Wilcox and Martin (1941) included only D. albiconiis in this subgenus, but two more species,

D. Seminole Bromley and D. australis new species are also placed here. Our interpretation of

the phylogeny of these three species is in Dendrogram 2, below.

Key to species of subgeniis Nannodioctria

1 First two antennal segments and basal third of third segment pale yellow; pollinosity

on mesal area of frontovertex extended to ocellar tubercle; prothoracic and meso-

thoracic sclerites largely yellowish brown; scutum yellowish brown on sides ....

albiconiis Wilcox and Martin, p. 514

F All antennal segments black or dark colored; frontovertex entirely bare; prothoracic

and mesothoracic sclerites largely or entirely black; scutum entirely black, bare or

pollinose 2

2 (F) Mesonotum bare; first antennal segment four times as long as its diameter (Fig. 8)

Bromley, p. 515

T Mesonotum pollinose; first antennal segment only twice as long as its diameter (Fig.

9) australis new species, p. 515

Dioctria (Nannodioctria) albiconiis Wilcox and Martin

Dioctria (Neodioctria) albiconiis Wilcox and Martin, 1941 : 7.

Dioctria (Nannodioctria) albiconiis Wilcox and Martin, 1945; 35.

A slender-bodied species easily recognized by colour of antennal segments, shape of antennal

style, shape of face, and pattern of pollinosity on the frontovertex.

Description. - Male: length 8. 5-9.0 mm; first antennal segment shorter than second; third segment thickest at middle

(Fig. 7); first two, and basal 0.33 of third, antennal segments pale yellow; remainder of third segment and antennal style

black; face flat, yellowish white pollinose; frontovertex black, yellowish pollinose from anterior end of ocellar tubercle to

antennal bases (Fig. 21A); anterior one third and posterodorsal corner of sternopleuron, dorsal 0.75 of mesopleuron, and

posterior 0.50 of hypopleuron whitish yellow pollinose (Fig. 35A); scutum pollinose only on lateral margin; fore and mid
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legs pale orange yellow; hind leg brown except for yellow coxa, trochanter and basal and apical one fourth of femur; tarsi

brownish, darkened apically; abdomen dark brown with orange yellow band on each intersegment; epandrium (Fig. 83B)

trapezoidal with pair of posterior arms; surstylus thick with flanged ventral surface (Fig. 83C); hypandrium trapezoidal;

gonocoxite tapered apically; lateral process of gonocoxite curved, pointed at apex; medioventral process short, thumb-like;

gonostylus gradually tapered apically, curved mesaUy; aedeagus funnel-shaped with widely separated dorsolateral processes;

ovipositor with broad hypogynial valves, widely separated from each other; genital fork divided into two sclerites; portions

of ninth tergite quadrangular, concave on ventral surface; tenth tergite semicircular narrow band.

Female: length 9.0-11.0 mm; otherwise same as male.

Distribution. - Central California, in the vicinity of Sequoia National Park, at an altitude

of 7000 ft. (Map 1).

Specimens examined. — 6 66, 5 99.

Dioctria (Nannodioctria) australis new species

The mesonotal pollinosity readily distinguishes this species from the other two species of

Nannodioctria.

Description - Male: length 1 1 mm; antennal style spoon-shaped, 0.20 as long as third antennal segment (Fig. 9); third

antennal segment subcylindrical; first antennal segment about twice as long as its diameter, as long as second segment; fronto-

vertex black, bare, only anterior corners yellow poUinose; antennal bases flat; face slightly convex on lower part, orange

pollinose; proboscis black, orange basally; occiput largely pollinose; lateral cervical sclerite and antepronotum largely black,

orange along suture; postpronotum brownish; bristles on lateral cervical sclerite and along presutural antepronotum orange;

mesothorax black with brownish patches on posterodorsal corner of sternopleuron, upper margin of hypopleuron and posterior

half of pteropleuron; scutum black, largely orange yellow pollinose, with pair of bare streaks on anterior dorsocentral region,

another pair above wing bases, and a pair across posterior calh; scutellum black, pollinose on basal half and along hind edge;

pile on scuteUar margin short, yellowish; pollinosity on mesothoracic pleura as 'mD. albicornis and D. seminole; meso thoracic

hairs and bristles orange yellow; legs brownish orange and black; coxae and trochanters brownish orange; front and mid femora

brownish orange, black dorsaUy; hind femur entirely black, except pale marking on ventral surface of apex; front and mid

tibiae brownish orange; hind tibia entirely black; front and mid tarsi brownish orange basally, gradually darkened to black

toward apices; hind tarsus entirely black; claws black, orange basally; wings hyaline, 1.75 times length of abdomen; wing

veins dark brown; abdomen entirely black; genitalia orange with triangular black marking on base of epandrium. Length: 11.0

mm.

Female: same as male except hind femur black only on dorsal surface; abdomen black with orange markings on sides of

second, third, sixth and seventh segments, four corners of fourth and hind corners of fifth segments; eighth segment and ovi-

positor orange.

Holotype: 6, 8 mi. NE San Cristobal, Chiapas, Mexico, 10.V.1969 (H. J. Teskey) - CNC.

Allotype: 9, Mexico City, 10,000', VII. 1936 (H. G. Meyer) - USNM.
Paratypes: 1 9, same data as allotype -- USNM; 1 9, Desierto Eeones, Mexico, III,IV,V,1 965

(N. E. H. Krauss) - USNM.

Dioctria (Nannodioctria) seminole Bromley

Dioctria seminole '^xomlQy, 1924: 125.

Dioctria (Dioctria) seminole Bromley: Wilcox and Martin, 1941 : 6.

Wilcox and Martin (1941) assigned this species to the subgenus Aoctr/df. However, shape

of antennal style (Fig. 8), shape of antennal bases (Fig. 22), occipital pollen pattern, shape of

postpronotum (Fig. 36) and absence of a mesopleural ridge, suggest a closer affinity to Nanno-

dioctria than to Dioctria.

Description - Female: length 10.5 mm; antennal segments black, first segment elongate, 1.66 as long as second segment;

third segment shglitly thickened at middle (Fig. 8); face slightly gibbose on lower part (Fig. 22); frontovertex black, pollinose

only near antennal bases; occiput black, upper half pollinose; pollinosity on anterior margin of mesothoracic pleuron slightly

interrupted on lower margin of mesopleuron (Fig. 36); color pattern of legs as in D. albicornis; abdomen black with orange

intersegmented bands.

Only the female holotype, from Tallahassee, Florida, now in the Cornell University Collection,

is known (Map 1).
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Map 1

Map 1. Distribution of the species of Dioctria subg. Nannodioctria.

Subgenus Dioctria Meigen

Dioctria Meigen, 1803: 270. Type-species: Asilus oelandicus Linnaeus, 1758, designated by

Latreille, 1810 (see also Coquillett, 1910).

Diagnosis. — Antennae uniform (Fig. 10, 11); antennal style long, 0.33 to 0.50 as long as

third segment, more or less scaphiform; third segment subcylindrical; second segment shorter

than first segment; first segment four times as long as its diameter; antennal bases elevated in

form of tubercle (Fig. 23-25); lower part of face slightly gibbous; frontovertex pollinose only

on front corners, in some species pollinosity extended to antennal bases (Fig. 23B); occipital

pollinosity as pair of patches above foramen; prothoracic sclerites comparatively shorter; lat-

eral postsutural antepronotum convex; postpronotum short, in form of less obtuse angle with

body axis (Fig. 37, 39B), usually black; mesopleural ridge near posterior margin (Fig. 37-39

A); male genitalia (Fig. 84-88) differing from Nannodioctria only by shape of lateral process

of gonocoxite (bulbous subapically, pointed at apex); surstylus in some species with lateral

projection (Fig. 85-88C); ovipositor (Fig. 110-112) similar to that of albicornis.

Remarks. — In North America members of this subgenus are more uniform than those of

Nannodioctria. The fifty-odd Eurasian species can be grouped in the subgenus Dioctria, but

they are morphologically more varied, and differ from the five North American species in

patterns of pollinosity on the mesonotum, in abdominal color pattern and in shape of the
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gonostyliis which curves laterally instead of mesally.

Our interpretation of the phylogeny of the six species is shown below in Dendrogram 2.

Key to species of subgenus Dioctria in North America

1 Mesonotum largely pollinose except for two narrow bare dorsocentral stripes; coxae

black. baumhaueri Meigen, p. 519

r Mesonotum largely bare, at most pollinose marginally; coxae orange yellow . . 2

2(1’) Pollinose area of anterodorsal region of sternopleuron extended dorsally as broad

band to or nearly to upper margin of sternopleuron, contiguous or nearly so with

pollinose area on anterior margin of mesopleuron (Fig. 37A), or two areas separated

by very narrow gap, several times longer than high 3

2’ Pollinose area of anterodorsal region of sternopleuron reduced, separated from pol-

linose area on anterior margin of mesopleuron by broad gap at least as high as long

(Fig. 39A) 5

3 (2) Anterodorsal corner of postpronotum pollinose pleuralis Banks, p. 517

3’ Anterodorsal corner of postpronotum bare 4

4 (3’) Postpronotum, posterior margin of mesopleuron, posterior half of pteropleuron,

posterodorsal corner of sternopleuron and upper half of hypopleuron reddish-brown

in ground color; ventral corner of antepronotum pollinose

wilcoxi new species, p. 518
4’ Prothorax and mesothoracic pleuron black in ground color . . . vera Black, p. 518

5 (2’) Pollinosity of anterior part of mesopleuron almost completely hidden beneath hairs

of prothoracic spiracle; pollinosity along dorsal margin narrower than pollinose band

on notopleuron above it pusio Osten Sacken, p. 518
5’ Pollinosity of mesopleuron more extensive, extended in continuous strip along an-

terior, dorsal and posterior margins henshawi Johnson, p. 517

Dioctria (Dioctria) henshawi Johnson

Dioctria flavipes Banks, 1917: 119, nec Meigen 1804.

Dioctria henshawi Johnson, 1918; 103 (n. name ior flavipes Banks).

Dioctria vertebrata Cole, 1919: 230. NEW SYNONYMY.
Dioctria (Dioctria) henshawi Johnson: Wilcox and Martin, 1941 : 5.

Description. - Male: length 7. 0-8.0 mm; antennal bases bare on sides (Fig. 24); postpronotum bare; pollinosity on antero-

dorsal area of sternopleuron reduced in size, not extended to upper margin of sternopleuron (Fig. 38); surstylus with lateral

projection (Fig. 86C).

Female: length 7. 0-8. 5 mm; otherwise as in male.

Distribution. — Southern British Columbia, southward along the Cascade Range to the north-

ern Sierra Nevada, east to Idaho and Utah (Map 4).

Specimens examined. — 28 c5c5, 29 99.

Dioctria (Dioctria) pleuralis Banks

Dioctria pleuralis Banks, 1917: 118.

Dioctria (Dioctria) pleuralis Banks; Wilcox and Martin, 1941: 5.

Description. — Male: length 8.0-10.0 mm; antennal bases pollinose on sides (Fig. 23B); anterodorsal 0.33 of postpronotum

pollinose; pollinosity on anterior margin of mesopleuron contiguous with that on anterior part of sternopleuron (Fig. 37A);

pile on scutum extended from behind postpronotum to mesonotal suture (Fig. 37B); surstylus on ventral surface of epandrium

with lateral projection (Fig. 85C).

Female: length 9.0-11.5 mm; otherwise as in male.

Remarks. — A series of two males and six females from Laguna Mts., San Jacinto Mts., San
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Bernardino Co., and San Diego Co., Calif., lack postpronotal pollinosity. Another series of

both male and female specimens from Santa Cruz Island, California, are largely black, includ-

ing the hind legs, with the postpronotal pollinosity only on anterior corner. Still another series

of four males and four females from Santa Anna, California, possess postpronotal pollinosity

like that of the Santa Cruz Island specimens, but with intersegmental orange bands present on

the abdomen. We interpret this as intraspecific variation only.

Color of legs in D. pleuralis is similar to that in D. wilcoxi. The abdominal orange markings

vary in both sexes. Some males have an extra orange band of varying size across the middle

of the second segment while in some females the last few segments of the abdomen tend to be

pale; in other females the hind legs are entirely orange.

Distribution. — Southwestern corner of California, from Santa Barbara County, including

Santa Cruz Island, to San Diego County, with an isolated record from Flagstaff, Arizona (Map

2 ).

Specimens examined. — 23 66, 26 99.

Dioctria (Dioctria) pusio Osten Sacken

Dioctria pusio Osten Sacken, 1877: 288.

Dioctria (Dioctria) pusio Osten Sacken: Wilcox and Martin, 1941 : 5.

Among the North American species of Dioctria (sensu stricto) this is the least pollinose;

specimens appearing as shiny, almost bare.

Description. - Male: length 6. 0-7.0 mm; sides of antennal bases bare (Fig. 25B); upper face below antennal bases of some

specimens with median bare streak; mesopleuron bare except extremely narrow pollinose band along dorsal and posterior

margins (Fig. 39A); legs largely orange, hind tibia darker; tarsi brown apicaUy; abdomen mainly reddish brown, first segment

and middle basal half of second segment black; surstylus with lateral projection (Fig. 88C).

Female: length 7. 0-8.0 mm; otherwise as in male.

Distribution. — Southern British Columbia south along the Cascade and Coast Ranges to

the Sierra Nevada, California, with an isolated record in central Colorado (Map 5).

Specimens examined. - 57 dd, 50 99.

Dioctria (Dioctria) vera Back

Dioctria vera Back, 1909: 256.

Dioctria (Dioctria) vera Back: Wilcox and Martin, 1941: 6.

Description. - Male: length 8. 0-9.0 mm; antennal bases of most specimens mainly bare on sides; postpronotum bare;

pollinosity on anterior margin of mesopleuron broadly contiguous with that of sternopleuron; pile on mesonotum restricted

to small triangle behind postpronotum continued posteriorly along dorsocentral region as narrow strip; surstylus with lateral

projection (Fig. 87C).

Female: length 8.0-10.0 mm; otherwise as in male.

Remarks. — As in D. pleuralis this species also varies in coloration: the abdomen varies from

largely orange with black markings on the middle of the first and the second segments to com-

pletely black; the legs are either entirely orange or with largely brown hind femur, and brown

hind tibia and tarsus.

Distribution. — Widely distributed in western United States from northern California, north-

ern Utah and northern Colorado to southern California and southeastern New Mexico (Map 3).

Specimens examined. — 82 66, 144 99.

Dioctria (Dioctria) wilcoxi new species

Description. - Male: frontovertex slightly more pollinose than in other species, especially on sides and above antennal

bases; anterior half of lateral cervical sclerites, postpronotum, posterior margin of mesopleuron, posterodorsal corner of
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sternopleuron, upper half of hypopleuron and posterior half of pteropleuron reddish brown contrasted with remaining

black areas; pollinosity on sides of postsutural antepronotum yellowish orange; dorsal margin of postpronotum and adjacent

scutum whitish pollinose; stemopleural and mesopleural pollinosity contiguous; anterior two pairs of legs and hind coxa

orange yellow; hind femur darker, hind tibia and tarsus brown; basal half of claws brownish, remainder black; abdomen
black with dorsal orange markings on sides of first three segments, anterior and posterior margins of third to sixth segments,

and posterior margin of seventh segment; genitalia orange, surstylus without lateral projection (Fig. 84C).

Female: as in male; abdomen comparatively wider, ovipositor orange (Fig. 1 10).

Remarks. - Some specimens of both sexes have the first two antennal segments paler than the third.

Type material -

Holotype: d, Strawberry, Tuolumne Co., Calif., 10.VI1.1951 (W. C. Bentinck) - CIS.

Allotype: 9, same locality, 15.VIII.1960 (C. A. Toschi) - CIS.

Paratypes: Calif.: 1 d, same locality, 14.VI1.1951 (D. Burdick) — CIS; 1 d, Pinecrest, Tuolumne

Co., 11. VIII. 1948 (P. H. Arnaud, Jr.) ~ JW; 1 9, Strawberry, Tuolumne Co., 19.VI.1951 (A. T. McClay) -

UCD; 19, Cow Creek, Tuolumne Co., 24.VI.1951 (E. Schlinger) - UCD; 2 99, Pinecrest, Tuolumne

Co., 18.VII.1947, 16.VII.1948 (P. H. Arnaud, Jr.) - JW; 1 9, Huntington Eake, Eresno Co., 7000',

22.V11.19(?) (E. E. Blaisdell) - JW.

Distribution. — Central Sierra Nevada, California (Map 2).

Dioctria baumhaiieri MexgQn, 1820: 245.

Dioctria baumhaueri Mtigew. Johnson, 1918: 102.

Dioctria (Dioetria) baiimhaueri Meigen: Wilcox and Martin, 1941 : 5.

This species was introduced from Europe (Johnson, 1918) and has become common in

eastern North America.

Description. - Male: 10.0-13.0 mm; face whitish yellow pollinose, bare below antennal bases; mystax whitish, bristles

on antennal segments dark brown; other pUe on head yellowish; antepronotum without pollinosity; following whitish

pollinose - postpronotum, proepimeron, anterior half of sternopleuron, anterior, dorsal and posterior margins of mesopleuron,

posterodorsal corner and posterior margin of sternopleuron, hypopleuron, posterior half of pteropleuron and sides of coxae;

scutum largely pollinose with two bare parallel dorsocentral streaks and submarginal bare spot on each intra-alar region;

front and mid femur and tibia predominantly orange yellow except for narrow black band along dorsal surface of femur;

hind femur varied from completely orange yellow to completely black; hind tibia varied from mainly orange yellow with

black tip to mainly black with orange yellow base; all tarsi black; wing hyaline; abdomen black; genitalia black; surstylus

without lateral projection; gonostylus curved laterally.

Female: as in male.

Distribution. ~ Southwestern Michigan (Oakland Co.) east to southern Quebec and New
York.

Specimens examined. — approximately 300 of each sex.

Table 2. Characters used in Interpretation of the Phylogeny of the Nearctic species of Dioetria.

Dioctria (Dioctria) baiimhaueri Meigen

2a. 1 D. albicornis and D. seminole

Intersegmental orange bands on abdomen.

*Antepronotum longer.

Scutum pollinose only on lateral margins.

Hind femur orange with black streak in both sexes.

2A. 2 D. australis

*Abdominal segments black.

Antepronotum shorter.

Scutal pollinosity in form of a pattern.

Hind femur entirely black in male, black on dorsal half in female.

2B.1 D. albicornis

First antennal segment shorter than second.

Anterior half of frontovertex pollinose.

First two antennal segments orange.

2B.2Z). seminole

*First antennal segment longer than second.

*Frontovertex without pollinosity.

Antennal segments uniformly black.

2C.1 Nearctic line (inc. one Korean species)

*Mystax linear.

*Lateral process of gonocoxite curved mesad.

2C.2 Palaearctic line

Mystax usually clustered.

*Lateral process of gonocoxite curved laterad.

Quaest. Ent. 1975, 11 (4)
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Table 2. (concluded). Characters used in Interpretation of the Phylogeny of the Nearctic species of

Dioctria. (See Dendrogram 2, p. 521)

2D. ID. wilcoxi

Postpronotum orange brown.

Mesothoracic pleuron with brownish orange markings.

Mesonotal poUinosity on lateral margins wide.

*Side of antepronotum pollinose.

*Mesonotum behind postpronotum pollinose.

Surstylus without lateral projection.

2E. 1 D. pleuralis

*Postpronotum pollinose on anterodorsal corner.

*Mesonotal pile extended to mesonotal suture.

Intersegmental orange yellow bands from second to

sixth segment.

Abdominal segments long.

2F. 1 D. vera

Sides of antennal bases pollinose.

PoUinosity on anterior edge of meso- and stemopleuro

continuous.

Antennal style spoon-shaped.

2G.1 D. henshawi

Face entirely pollinose.

Intersegmental bands on abdomen present.

Hind femur with dorsal black streak.

2H.1 D. push

Bare marking on upper face only slightly below

antennal bases.

Abdomen orange.

Hind leg orange.

* denotes apomorphic condition

Distribution and Zoogeography of Dioctria.

The three species of Nannodioctria are more primitive than, and do not appear to be as

closely related to one another as, those species of the subgenus Dioctria, suggesting they are

older. They are widely allopatric in distribution, i.e.. Central California, Florida and Mexico

(Map 1), in what may be called a relict distribution. Such a pattern of distribution has been

explained as a result of extinction of most species of the group, without further speciation,

leaving a few survivors in peripheral areas of their former range.

The Palaearctic species of the subgenus Dioctria, except for an undescribed Korean species

are considered a monophyletic group (Dendr. 2, 2C.2), while the Nearctic species of Dioctria,

together with the Korean species, form another monophyletic group (2C.1). Consequently

of the several possibilities for the origin of the genus Dioctria, only two. North America or

Asia, seem probable.

We believe that Dioctria originated in North America, and that the Palaearctic species group

evolved from an ancestor that migrated some time ago from the New World to the Old. At a

much later date, the ancestor of the Korean sister species of D. pusio moved in a similar dir-

ection. Both the Palaearctic species group of Dioctria, and the Korean species, have been inter-

preted here as being derived with respect to their Nearctic sister group counterparts, suggesting

that all the Nearctic forms are more primitive. The latter have remained and continue to evolve

at their site of origin. A Nearctic origin for Dioctria is also consistent with the exclusive oc-

currence of Nannodioctria and all but three species of the Echthodopini in the Nearctic Region.

2D. 2 four other Nearctic spp. (and Korean species).

*Postpronotum black.

* Mesothoracic pleuron entirely black.

*Mesonotal poUinosity on lateral margins narrow.

Antepronotum bare.

Mesonotum behind postpronotum bare.

*Surstylus with lateral projection.

2F.2 D. vera, D. henshawi, D. pusio, and Korean sp.

Postpronotum bare.

Mesonotal pile present only slightly behind postpronotum.

*Intersegmental orange yellow bands only to fourth segment

or less.

*Abdominal segments shorter.

2F.2 D. henshawi, D. pusio, and Korean species.

*Sides of antennal bases bare.

n *PoUinosity on anterior edge of meso- and sternopleuron

interrupted.

*Antennal style scaphiform.

2G.2 D. pusio and Korean species.

* Upper face below antennal bases bare.

*Abdomen without intersegmental bands.

*Hind femur without black streak.

2H.2 Korean species.

*Bare marking on upper face occupies one third of face.

Abdomen black.

Hind leg black.
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Nannodioctria Dioctria

Dendrogram 2. Phylogeny of the Nearctic Species of Dioctria.

If, on the other hand, Dioctria originated in the Palaearctic region, migration must have

taken place after the two subgenera, Dioctria and Nannodioctria, had differentiated. One of

them, the ancestor of Nannodioctria, migrated to North America without leaving any known

representatives in Asia. The other, the ancestor of the subgenus Dioctria, then split into two

lineages, one migrating to North America to become the ancestor of the Nearctic species of

the subgenus Dioctria (Dendr. 2, 2C. 1), without leaving known representatives in Asia, the

other remaining in Asia to develop into the Palaearctic species group (Dendr. 2, 2C.2). The

presence of an unnamed species in Korea (2H.2), which shares a common ancestor with the

most derived Nearctic species {D. pusio), indicates a more recent migration from North America

Quaest. Ent. 1975, 1 1 (4)
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• wilcoxi
^

pleuralis
^ ^

Map 2 Map 3

Map 4 Map 5

Maps 2-5. Distribution of the Neaxctic species of Dioctria subg. Dioctria.
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to Asia. A parallel case is found in the fish family Catostomidae which originated in Asia and

radiated secondarily in North America, with one species, Catostomus catostomus, subsequent-

ly returning to Asia (Darlington, 1957).

There were at least five opportunities for these migrations to have occurred in the area of

Beringia during the Tertiary, i.e., the early Eocene, late Eocene, early Oligocene, late Miocene

and middle to late Pliocene (Simpson, 1947). To these possibilities one must also add the

interglacial periods of the Pleistocene. It is believed that there were three major areas of con-

nection between North America and Eurasia during the Tertiary period, i.e., transarctic, trans-

atlantic and Beringian (Lindroth, 1957; Hopkins, 1967). Since the first two connections ceased

to exist before or during early Tertiary time (Lindroth, 1957), the Beringian land bridge is the

most likely one to be relevant to movement of Dioctria. The Korean species, because it has

been the most recent species to evolve, probably left North America in the late Pliocene. The

flora of the land bridge at that time consisted of muskeg vegetation and woodlands dominated

by birch, aspen, alder and willow (Hopkins, 1967). A few species of the European group of

Dioctria also occur today in this type of habitat.

In the Pliocene, coniferous forests, of the type where most Dioctria are now found both in

Europe and North America, were dominant on both continents. The land bridge at that time

was not of this type, however, but may have been so during the Miocene. Perhaps the earlier

migration, i.e., that of the ancestor of the Palaearctic group of Dioctria took place during the

Miocene.

Tribe Echthodopini new tribe

Diagnosis. - Ocellar tubercle with bristles; proboscis rounded apically, its opening apical;

labellum with subapical notch; sternopleural suture present, extending upward from a point

between front and mid coxal attachments; mesopleuron without prominent crest or ridge

parallel to posterior margin in front of mesopleural bristles; hind femur thickened sub-basally

or in middle; alula well developed; male surstylus flattened, reduced in size or absent, without

lobe or tubercle.

Remarks. - Six genera are here assigned to this tribe: the type genus, Echthodopa, and

Dicolonus, Myelaphiis, Bohartia, Metadioctria and Eudioctria. Together they form a collection

of rather dissimilar dasypogonine genera that do not have acanthophorites; they all share with

Dioctria a prominent transverse groove on the second abdominal tergite, but they lack the

distinctively pointed proboscis characteristic of Dioctria. As such, the Echthodopini may be

an artificial assemblage, or more likely a paraphyletic group, for we have not been able to de-

fine it in terms of synapomorphic characters. It is treated here, for convenience, as a single

tribe, the primitive sister group of the Dioctriini.

Nearly all of the species of Echthodopini are found in North America, and one might there-

fore conclude that the group arose on that continent. Two species of Myelaphus and one

Dicolonus, however, are recorded from the central and eastern Palaearctic region (Hull, 1962;

Engel, 1930). Unfortunately, these species were not available for study, and it should be noted

that Myelaphus and Dieolonus appear to be the most primitive of the group (Dendrogram 1).

Until the Palaearctic species can be analyzed phylogenetically to determine whether they or

the nearctic species are the more primitive, it seems impossible to determine on which contin-

ent the tribe arose. Western North America seems, nevertheless, to have been the area of great-

est radiation, for all the species of Bohartia and Metadioetria and the majority of Eudioetria

are found there. This region was isolated by reduced rainfall as early as the Oligocene (Mac-

Ginitie, 1958); the isolation was reinforced during the Miocene by development of the Rocky

Mountains and of the Great Plains in their rain shadow.
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Genus Dicolonus Loew

Dicolonus Loew, 1866: 32. Type-species: Dicolonus simplex Loew (loc. cit.), by monotypy.

Dicolonus Loew: Back, 1909: 246.

Diagnosis. * — Face between mystax and antennal bases with dense tuft of long pile, pollinose

except for triangular bare marking on gibbosity; occiput pollinose and densely pilose; fronto-

vertex and vertical extension bare; prothoracic sclerites, upper half of mesopleuron, scutum,

scutellum, anterior and posterodorsal corners of sternopleuron densely pilose but without

pollinosity; abdomen parallel sided, uniformly and densely pilose; male genitalia uniform (Fig.

107); epandrium trapezoidal with pair of posterior arms; lateral process of gonocoxite T-shaped;

aedeagus without processes; genital fork of ovipositor divided into two sclerites (Fig. 129A).

Remarks. — This genus is uniform; the species assigned here are distinguished only by var-

iation of length, texture and colour of the pile. Our interpretation of the phylogeny of the

five species is shown in Dendrogram 3 below.

Key to the Nearctic species of Dicolonus.

2 ( 1 )

2
’

3(F)
3’

4(3’)

4’

Pile on edge and surface of scutellum short, hardly exceeding thickness of scutellum;

mesonotal pile short, recumbent 2

Pile on edge and surface of scutellum at least as long as length of scutellum; meso-

notal pile erect or at most only slightly reclining 3

Pile on centre of scutum reddish brown, surrounded by orange pile on margins;

occipital bristles when viewed laterally orange mixed with black along margin . .

sparsipilosum Back, p. 525

Pile on centre of scutum uniformly orange yellow, occipital pile entirely orange

yellow pulchrum new species, p. 525

Scutal hairs crinkled simplex Loew, p. 525

Scutal hairs straight 4

Scutum with at most four or five longer black hairs along dorsocentral region; pile

on front and dorsal surfaces of hind femur appressed (Fig. 69)

medium new species, p. 524

Scutum with numerous long, strong, black hairs present along dorsocentral and

supraalar regions extending beyond yellow pile; pile on hind femur uniformly erect

or semi-erect (Fig. 70) nigricentrum new species, p. 525

Dicolonus medium new species

Length of pile, especially on the scutum, is intermediate between that of D. sparsipilosum

and D. simplex.

Descriptioft - Male: Length 9.5 mm; head black, pile long, abundant and suberect; gibbosity rather abruptly constricted

above (Fig. 28); area occupied by mystax slightly less than half of face; frontal, ocellar and occipital bristles as long as first

antennal segment; thorax with erect orange yellow pile; scutal pile suberect, as long as or slightly longer than diameter of

first antennal segment, slightly brownish on central area; few orange bristles on dorsocentral and supraalar regions; scuteUar

bristles longer than length of scutellum; remaining thoracic pile pattern as in D. sparsipilosum but longer and suberect; abdomen

with long and erect pile, in form of fringes along lateral margins when viewed from above.

Type material. — Female: Length 10.0 mm; mesonotal pile uniformly orange yellow; otherwise

same as male.

Holotype: c5. Mineral King, Tulare Co., Calif., 8000 ft., 7.VII.1942 (R. Bohart) — USNM.

Allotype: 9, same data — USNM.

*Z). argentatus Matsumura, from Japan, not seen.
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Paratype: Id, Charleston Mt. Park, Nevada, 9000 ft., 21. VI. 1940 (R.M. Bohart) — USNM.
(Map 7).

Dicolonus nigricentrum new species

Description. - Male: Length 9.0-12.0 mm; as in medium, but with numerous long black bristly hairs on dorsocentral region

distinctly longer than remaining pile; scutellar pile orange, longer than length of scutellum; legs with suberect pile on hind

femur (Fig. 70).

Female: Length 12.0-14.0 mm; otherwise as in male.

Remarks. - This species is very similar to D. medium but can be distinguished by numerous

distinct black hairs on the scutum, extended beyond the yellow pile.

Type material. —

Holotype: d. Potlatch, Idaho, 20.VI.1907 (J.M. Aldrich) - USNM.

Allotype: 9, Pullman, Wash., 2.VI.1907 (J.M. Aldrich) - USNM.

Paratypes: Id, 19, Rock Lake, Wash., (J.M. Aldrich) - USNM; 1 d
,
Pullman, Wash., 4.VI.07 -

USNM; Id, Twisp, Wash., 12.VII.1960 (F.C. Harmston) - USNM; Id, White Lake, Oliver, B.C.,

28.V.1959 (R.E. Leech) - CNC; 19, Keremeos, B.C., 29.VI.1923 (C.B. Garrett) - CNC. (Map 7)

Dicolonus pulchrum new species

This species is similar to D. sparsipilosum but is distinguished by the following characteristics:

Description. - Male: Length 9.5 mm; frontal bristles black, slightly shorter than first antennal segment; ocellar bristles black,

0.33 as long as frontal bristles; occipital bristles orange; scutal pile orange, dense, covering scutum as velvety orange layer, ob-

scuring its ground colour; dorsocentral bristles absent; posterior edge of scutellum. without long bristles, but with only short pile

not exceeding thickness of scutellum.

Female: Length 10.5 mm, otherwise same as male.

Type material. —

Holotype: d, Tallac, Lake Tahoe, Calif., 25.VII.1915 - USNM.
Allotype: 9, same locality, 17.VII.1915 (E.P. VanDuzee) — USNM.
Paratype: 1 9, Yosemite, Calif., 3880-4000 ft., 19.VI.1931 - USNM; 1 9, same locality, 22. VI.

1931 (E.O. Essig) - USNM; Id, 19, L. Tahoe, Calif. - USNM. (Map 7).

Dicolonus simplex Loew

Dicolonus simplex Loew, 1866: 32.

Dicolonus simplex Loew: Back, 1909: 247.

This species is easily recognized by the long, erect orange yellow pile with tip of each hair

curled.

Description. - Male: Length 13.0-14.0 mm; pile in general long, dense and erect, each hair curled at tip; frontal bristles black,

1.5 times as long as first antennal segment; ocellar bristles black, as long as frontal bristles; bristles on upper face black, mixed

with few orange hairs on lower part; ocellar bristles black mixed with orange; scutal pile orange, dense, erect, obscuring dorso-

central bristles; scutellum with dense erect orange pile and long bristles on posterior edge (Fig. 52); pile and bristles on legs

orange; pile on abdomen orange.

Female: Length 12.0-15.0 mm; bristles on upper face below antennal bases and oceUar bristles largely orange; otherwise same

as male.

Distribution. — Cascade and Coast Ranges, from Victoria, B.C., to Los Angeles Co., Calif.

(Map 6).

Specimens examined. — lOdd, 1399.

Dicolonus sparsipilosum Back

Dicolonus sparsipilosum Back, 1909: 247.

Description. - Male: As in frontispiece. Length 8. 5-9. 5 mm; pile in general very sparse, short and recumbent; frontal and

ocellar bristles black, equal in length, slightly shorter than first antennal segment; occipital bristles orange, mixed with black

Quaest. Ent. 1975, 11 (4)
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Map 6

Maps 6-7. Distribution of Nearctic species oi Dicolonus.

along margin of occiput; scutal pile orange on anterior margin of scutum, reddish brown on remainder of scutum, short and

sparse, on posterior edge of scutellum not exceeding thickness of scutellum.

Female: Length 9.0-10.0 mm; otherwise same as male.

Distribution. — Western slopes of the Rocky Mountains from Montana to Colorado (Map 7).

Specimens examined. — 6 66, 4 99.

Table 3. Characters used in the Interpretation of the Phytogeny of Dicolonus. (See Dendrogram 3,

p. 527)

7A.1 D. sparsipilosum andD. pulchrum

Pile on mesonotum, dorsum of abdomen,

and femora appressed.

Pile on posterior edge of scutellum as long as

thickness of scutellum.

Mesonotal bristles absent.

7B.1 D. medium andZ). nigricentrum

Pile on mesonotum shorter making mesonotal

bristles easily distinguished.

Pile of straight hairs.

7C.1 D. medium

Dorsocentral bristles orange yellow.

Mesonotal pile uniformly orange yellow.

7D.1 Z). sparsipilosum

Pile on mesonotum sparse, orange yellow on

anterior 0.25 of mesonotum, brownish on

the rest.

Ocellar bristles about equal in length to the

first antennal segment.

7A.2D. medium, D. nigricentrum, andD. simplex

*Pile in general long and somewhat erect.

*Pile on posterior edge of scutellum longer than thickness

of scutellum.

*Mesonotal bristles present.

7B.2D. simplex

*Mesonotal bristles obscured by long pUe.

Tip of each hair curled.

7C.2Z). nigricentrum

*Dorsocentral bristles black.

*Pile on posterior 0.66 of mesonotum brownish.

10.2 D. pulchrum

Pile on mesonotum dense, uniformly orange yellow,

obscuring the ground colour of integument.

*Ocellar bristles short, only 0.33 length of first antennal

segment.

* denotes apomorphic condition



Nearctic Dioctriini and Echthodopini 527

Dicolonus

Dendrogram 3. Phylogeny of the species of Dicolonus.
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Gtim?, Myelaphus Bigot

Myelaphus Bigot, 1882: xci. Type-species: Myelaphus melas Bigot, 1882: xci; by monotypy.

Diagnosis'^. — First antennal segment twice or more as long as second, four times longer than

wide, with hairs mostly on dorsal surface; third antennal segment as long as first two segments

together, cleft apically, with triangular flange-like extension on each side enclosing base of

antennal style; style two-segmented (Fig. 19), compressed laterally, half as long as third segment;

first segment of style also deeply cleft apically as in third segment, terminating in two triangular

extensions enclosing apical segment of style; face with small median pit below or furrow be-

tween antennal bases (Fig. 30); mystax of relatively short straight straw-coloured bristles con-

fined to lower margin of face; face almost or completely devoid of pollen; frontovertex with

row of reddish proclinate bristles close to eye margin; ocellar bristles short; thoracic pile strong-

ly appressed; prothorax densely and evenly pilose; anterior corner and most of posterior half of

sternopleuron, mesopleuron, posterior half of hypopleuron, katatergite and scutellum evenly

pilose; tibiae gradually thickened apically; wing more or less infuscated, with R4 ended before

wing tip; epandrial arms directed mesally (Fig. 109B); lateral process of gonocoxite T-shaped

with lateral arm curved (Fig. 109A, F); aedeagus with lateral processes (Fig. 109G, H); oviposi-

tor with genital fork of two small sclerites (Fig. 130A).

Key to Nearctic species of Myelaphus

1 Face reddish-brown, with prominent transverse oval protuberance, just below middle,

whose lower surface is sculptured with 2 or 3 curved concentric grooves; first antennal

segment, and thorax, mostly reddish in ground colour

melas Wigoi, p. 528

1’ Face, antennae and thorax black; face evenly rounded, without prominent oval protu-

berance lobicornis Osten Sacken, p. 528

Myelaphus lobicornis Osten Sacken

Ceraturgus lobicornis OsiQn ^?ic]sQn, 1877: 187.

Myelaphus lobicornis (Osten Sacken): Williston 1884: 7-8.

Description. - Face, frontovertex, antennae and occiput black in ground colour; face evenly rounded below middle, yellow

pollinose along lower margin; slight transverse depression between antennal bases and middle of face; 2 to 3 pairs of faintly

impressed lines radiating out and down from small median pit below antennal bases (Fig. 30A); mystax bristles shorter than

inM melas, in length about 0.5 to 0.66 width of face; thorax largely black in ground colour; pilosity straw coloured, denser

than inM melas, obscuring ground colour on postpronotum, mesopleuron and upper part of sternopleuron, and extended, on

sternopleuron, to mid-coxa; coxae and trochanters black; legs orange, darkened on apices of tarsi; claws black; first two, three

in some specimens, abdominal segments black, basally as well as laterally, remaining segments orange to reddish brown

dorsally, black laterally and ventrally.

Distribution. — British Columbia to southern California and northern Utah (Map 8).

Specimens examined. — 666, 899.

Myelaphus melas Bigot

Myelaphus melas Wigot, 1882: 112.

Myelaphus rufus\^iWision, 1884: 7.

Description. - Face, frontovertex and first antennal segment shining reddish brown, pollen, if any, sparse and confined

to lower comers of face; prominent oval protuberance or tubercle, extended across most of face just below middle, sculptured

*M. dispar Loew, from the central Palaearctic Region andTU. jozanus Matsumura, from Japan,

not seen.
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Map 8. Distribution of Nearctic species of Myelaphus.

on lower surface with two or three curved concentric grooves; mystax bristles as long as width of face; thorax mainly reddish

in ground colour; pilosity yellow, sparse, nowhere obscuring ground colour and not extended to lower edge of sternopleuron;

legs reddish-orange; claws red basally; black apically; abdomen entirely reddish brown.

Distribution. — Southern Sierra Nevada, California (Map 8).

Specimens examined. — 166, 399.

Genus Bohartia Hull

Bohartia Hull, 1958: 317. Type-species: Bohartia bromleyi Hull, 1958: 318, by monotypy.

Diagnosis. — Head mainly pollinose, at most ocellar tubercle and surrounding area bare;

occiput and vertical extension pollinose; antennal bases flat; upper face below antennal bases

with row of hairs on each side; mystax cluster of hairs; pile on prementum abundant, occupying

anterior half; postpronotum and scutum entirely pollinose; scutellum pollinose basally, bare

on posterior edge; scutal pile appressed, short, distributed evenly; bristles on supra-alar region

and posterior callus; scutellum with two patches of suberect pile on basal half, and row of erect

marginal bristles; wing hyaline; alula well developed; anterior branch of third vein (R4) ended

before wing tip; first two abdominal segments parallel sided, third segment slightly broader pos-

teriorly; male genitalia quite uniform throughout the genus (Fig. 90-92), differing only in shape

of hypandrium and surstylus; epandrium trapezoidal with pair of posterior arms; surstyli flat;

Quaest. Ent. 1975
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lateral process of gonocoxite bulbous; hypandrium triangular or heart-shaped; aedeagus with

lamellate aedeagal processes. Ovipositor with lateral arms of genital fork fused at anterior ends,

in form of U-shaped structure (Fig. 1 14 and 1 15A).

Remarks. - This genus was considered an aberrant member of the Laphystiini (Hull 1958,

1962) but Martin and Wilcox (1965) transferred it to Dioctria (sensu latiore) as an additional

subgenus. However, in this treatment Bohartia is considered as a separate genus.

Adults of the seven species assigned to this genus, B. bromleyi, B. Isabella, B. martini, B. miinda,

B. nitor, B. senecta and B. tenuis, are closely related to one another and are distinguished only

by the combination of the pattern of pollinosity, size, colour, and abundance of pile, and integu-

mental coloration. The genitalia and other structural characters are quite uniform. The available

characters are rather unsuitable for assessing phylogeny; nevertheless, an attempt has been made

to interpret their phylogeny (Dendrogram 4) tabulated in Table 4 below.

Key to the species of Bohartia

1 All femora entirely light reddish brown nitor new species, p. 532

r Femora partly or entirely black 2

2 (U) Femora only partly darkened, at least hind pair largely or entirely light reddish

brown 3

2’ Femora entirely dark brown to black, at most hind pair brownish on extreme bases

or apices 4

3 (2) Tibiae orange basally, darkened apically; hind femur uniformly orange brown. . . .

munda new species, p. 532
3’ Tibiae uniformly reddish brown; hind femur reddish brown at base and on apical

third, separated by a dark brown band senecta new species, p. 532

4 (2’) Occipital bristles entirely black; second antennal segment with at least two distinct

dark reddish or dark brown bristles on ventral surface .... bromleyi Hull, p. 530
4’ Bristles on upper occiput partly or entirely white; bristles on ventral surface of second

antennal segment whitish 5

5 (4’) Bristles on head and thorax entirely white; abdomen light orange except at base. . .

tenuis new species, p. 533

5’ Bristles on head black and white; mesonotal bristles black; abdomen dark reddish

brown or black 6

6 (5’) Abdomen entirely black; postsutural antepronotum pollinose on dorsal fourth to

third; tibia entirely black isabella new species, p. 531

6’ Abdomen with reddish areas; postsutural antepronotum pollinose on more than upper

half; tibiae dorsally, at base, usually paler than femora

new species, p. 531

Bohartia bromleyi Hull

Bohartia bromleyi Hull, 1958: 318-320.

Dioctria (Bohartia) bromleyi Hull; Martin and Wilcox 1965: 370.

Description. — Male: length 8. 0-9.0 mm; frons, face and occiput silvery-grey pollinose; bristles on frontovertex, on ocellar

tubercle and along upper margin of occiput black; mystax whitish yellow mixed with few black bristles; second antennal seg-

ment with reddish bristles, two distinct strong bristles on ventral surface (Fig. 14); first antennal segment with whitish pile;

antepronotum pollinose only on dorsal 0.33; scutal bristles and bristles on scutellar edge black; genitalia with elongate trape-

zoidal hypandrium (Fig. 92A) and broad surstylus (Fig. 92C).

Female; as in male.

Distribution. - This species has been recorded only from Charleston Mt. Park, Nevada, at

9000 ft. (Map 9).

Specimens examined. — 266, 299.
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Bohartia Isabella new species

A species with entirely black integument, with white pile, and with pollinosity mostly silvery-

grey or slightly yellowish. It can be distinguished from bromleyi by the presence of white bristles

on the occiput and antennae.

Description. - Length 5. 5-6.0 mm; Irons, face and occiput silvery-grey pollinose, frontal and ocellar bristles entirely black;

occipital bristles mostly white with some bristles on upper half black; antennal pile and bristles entirely white; mystax

mostly white, few black bristles on upper part; pile on head white; postsutural antepronotum pollinose only on dorsal 0.25

to 0.33, in some specimens extended downward along anterior margin; front margin of pollinosity on posterodorsal corner of

stemopleuron straight; prothoracic bristles entirely white; scutum evenly covered with short recumbent white pile and silvery

poUinosity; scutal and scutellar bristles black; pile on scutellar disc white; legs entirely black, sparsely pollinose, bristles mostly

white, pile whitish; claws black; abdominal pile sparse, entirely white; genitalia with triangular hypandrium (Fig. 90A); pile

on genitalia black except for whitish pile on cerci.

Female: Length 6. 0-6. 5 mm; same as male; pile on ovipositor white.

Type material. —

Holotype: c5, 3 mi. N. Westgard Pass, Inyo Co., Calif., 26.VI.1953 (J. W. MacSwain) — CIS.

Allotype: 9, same data.

Paratypes: California: Id, Rumsey, Yolo Co., 30.VI.1956 (R. M. Bohart) — UCD; 1 d, 299,

Independence, 1 7. V. 1956 (J. Wilcox) — JW; 2 dd, 2 99, Mariposa, Mariposa Co., 1 7, 1 9. VI. 1 968

(R.M. Bohart) - UCD; 2 dd, Rosemond, 29.IV., 3.V.1941 (J. Wilcox) - JW; 1 d, 1 9, 13.8 mi.

NE Trona, State Range, Inyo Co., 17.IV. 1962 (C. A. Toschi) — CIS; 1 9, San Jose, Santa Clara

Co., 9.VII.1955 (A. M. Barnes) - CIS; 1 9, Eittle Eake, Inyo., 13.V.1962 (A. S. Menke) - UCD;

1 9, Poiute Butte, Eos Angeles Co., 26.IV. 1957 (J. Wilcox) - JW; 1 9, Eovejoy Buttes, Elano,

9.V.1955 (J. E. H. Martin) - CNC. Nevada: 1 d, 1 9, Crystal, 9.V.1961 (G. E. Bohart) - USU;

1 9, Montgomery Pass, 4.VII.1958 (J. Wilcox) - JW.

Distribution. - Sierra Nevada, California, west and northwest of Death Valley (Map 10).

Bohartia martini new species

Most specimens of this species are readily distinguished from the other six species of Bohartia

by the reddish brown abdominal segments and the long fringelike hairs on the posterior surface

of front tibia; specimens with the abdomen predominantly black may be separated from isabella

by the more pollinose postsutural antepronotum.

Description. — Male: Length 6. 0-7. 5 mm; head as in isabella, but second antennal segment usually with some reddish or

brown bristles; postsutural antepronotum pollinose at least on dorsal half; poUinosity on posterodorsal comer of stemopleuron

slightly extended forward on lower part; scutal pile short, sparse, and appressed; femora black; tibiae reddish at least at base

dorsaUy; front tibia with fringe-like hairs on posterior surface; first abdominal segment and basal half of second segment black,

from middle of second to seventh segment reddish brown varying to mostly black with reddish areas; eighth segment black;

male genitalia black with black bristles; hypandrium varied, but always bulged ventrally near base (Fig. 91D).

Female: Length 6.5-8.0 mm; same as male; ovipositor (Fig. 115) reddish brov/n, bristles on hypogynium black.

Type material. —

Holotype: c5, Hy. 395, June Eane Jet., Calif., 20.VI.1954 (Dorothy Martin) — CHM.
Allotype: 9, same data.

Paratypes: California: 4 66, 3 99, same data; 23 66, 3 99, same data (C. H. Martin) — CHM;
3 (5(5, 4 mi. SW Tom’s Place, Mono Co., 13.VII.1961 (G. I. Stange) - CIS; 1 (5, 7 mi. E. Bodie,

Mono Co., 2. VIE 1964 (P. Rude) - CIS; 1 (5, Eee Vining, Mono Co., 2.VII. 1967 (Eric Jessen) -

CIS; 2 (5(5, 1 9, Hallelujah Jet., Eassen Co., 18.VII.1953 (R. M. Bohart) - UCD; 1 (5, same locality,

17.VII.1955 (R. M. Bohart) - UCD; 1 c5, same locality, 2. VII. 1964 (R. M. Bohart) - UCD; 2 (5(5,

2 99, same locality, 22.VI.1964 (R.M. Bohart) — UCD; 4 66, same data (F. D. Parker) — UCD; 1 (5, same

data (M. E. Irwin) — UCR; 1 (5, 1 9, same locality 1. VII. 1965 (F. D. Parker) — UCD; 1 6, same locality,

4.VI.1952 (E. I. Schlinger) - CHM; 1 9, same locality, 29.VI.1966 (R.M. Bohart) - UCD; 1 9, same
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locality, 7.VII.1968 (R. M. Bohart) — UCD; 2 99, same locality, 2.VII.1964 (M. R. Irwin) -

UCR; 1 9, same locality, 12. VII. 1962 (M. I. Irwin) - UCD; 18 dd, 11 99, same locality, 4.VII.1967

(J. Wilcox) - JW; 5 dd, 1 9, Mammoth, 9. VII. 1957 (J. Wilcox) - JW; 14 dd, 8 99, Pinecrest, 31. VII.

1948 (P. H. Arnaud, Jr.) - JW; 1 d, Woodfords, Alpine Co., 17. VI. 1958 (W. W. Middlekauff) - CIS;

1 d, I 9, Strawberry, Tuolumne Co., 14,15.VII.1951 (J. W. MacSwain) - CIS; 1 d, Truckee, 5.VII.1936

(A. E. Pritchard) - USNM; 1 9, Truckee, 6000', Tahoe Co., 14. VII. 1961 (B. H. Poole) - CNC; 1 9.

Lake Tahoe, Tallac, 25.VI. (?) (E. P. VanDuzee) - CIS; 1 9, Lake Tahoe, 7.VII.1938 - UCD; 1 d.

Strawberry, Tuolumne Co., 18.VII.1957 (J. M. Burns) — CIS; Arizona: 1 d, 8 mi. S. Cay Creek,

Maricopa Co., 22.VI.1962 (D. M. Zohner) - ASU; Nevada: 1 d, Kingsbury Gd., Douglas Co., 19. VI.

1964 (F. D. Parker) — UCD; 1 d, Orovada, 6.VI.(G.E. Bohart) — USU; Washington: 1 d, Odessa, 27. VI.

1960 - (E. I. Schlinger) — UCR; Wyoming: 1 d. Mesa Conserv. Area, So. of Pinedale, 17-18.VII.1968

(R. J. Lavigne) — CHM; Idaho: 16 dd, 10 99, 6 mi. NE. Malta, Cassia Co., 22.VI.1965 (R. L. Westcott) -

UI(Mapll).
j

Bohartia munda new species

Adults of this species are separated from those of other Bohartia by the wholly orange hind

femora and the darker brown tibiae and tarsi.

Description. - Male; Length 6.5 mm; frons, face and occiput silvery-grey pollinose; ocellar, frontal and upper occipital bristles

dark; postsutural antepronotum silvery pollinose only on upper 0.25;mesonotal pUe short, sparse, appressed; coxae black, trochan-

ters light reddish brown; front femur black with reddish brown markings on extreme base and ventral apical 0.25; apical 0.25 of

mid femur entirely hght reddish brown, hind femur entirely light reddish brown; tibiae brownish basally, gradually darkened api-

cally; tarsi and claws dark brown; pile on legs pale yellow; abdomen black, with pale yellowish pile; male genitaha black with black

pile. Genitalia not dissected or figured.

Female: Length 6. 5-7.0 mm; otherwise same as male; two paratype female specimens with hind femur black on extreme base

and entirely black tibiae; pUe on hypogynium black.

Type material. —

Holotype: 6, Bear Valley, Calif., 27.VI.1948 (J. Wilcox) - JW.

Allotype: 9, in copula with holotype.

Paratypes: 1 9, Upper Deep Canyon at Horsethief Creek, Riverside Co., Calif., 3400', 1 1.VI.1965

(M. E. Irwin) - UCR; 1 9, 2 mi. W. Phelan, San Bernardino County., Calif., 22.V.1957 (E. I. Schlinger) -

UCD (Map 10).

Bohartia nitor new species

This species is easily recognized by the distinctive long appressed white pile on the scutum

and abdomen, and by the entirely light reddish brown legs.

Description. - Female: Length 7.5 mm; head black, yellowish white poUinose; pile entirely pale yellow; (third antennal

segments missing); thorax black with pattern of poUinosity as in isabella; scutal pile long, distinctly appressed; coxae black

with extreme apices reddish; aU femora, tibiae, and tarsi bright reddish brown; claws reddish on extreme bases; pile of legs

yeUow, abdominal pile appressed on terga, recumbent on sterna.

Holotype: 9, Tracy, Calif., 2.VI.1920 (E.P. Van Duzee) - CAS (Map 9).

Bohartia senecta new species

Adults of this species are also black with reddish brown legs, somewhat like munda adults

but different in having darker hind femora each with a black band near the base and in having

paler tibiae and tarsi.

Description. - Length 7.0 mm; mystax yellow, mixed with few black bristles; bristles on second antennal segment and

upper occiput black; pattern of pollinosity on thorax as in isabella; coxae black; trochanters reddish; front and mid femora

black with apical 0.25 of front and apical 0.33 of mid femora entirely reddish brown; hind femur reddish brown with sub-

basal black band; tibiae uniformly reddish brown; tarsi darker brown, darkened to black apicaUy; claws black; pile of legs

yellowish; abdominal segments and male genitalia black; pile on abdominal segments yellowish, on genitalia black. Genitalia
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not dissected or figured.

Type material. -

Holotype: <5, 15 mi. N. Colonia Guerrero, Baja California, Mexico, 9.V.1949 (R.C. Dickson)

Adults of this species are somewhat like those of B. martini but they are distinguished by

absence of black bristles on head and thorax, and by the pale orange abdomen.

Description. — Length 6.0 mm; pile on head, antennae and thorax entirely white, thoracic pollen pattern as in martini',

bristles on head and thorax entirely white; legs almost entirely dark brown; joints between femora and tibiae lighter brown;

claws black; pile on legs white; first abdominal segment black, second segment black basaUy, orange apically, third to seventh

segments pale orange; abdominal pile yellowish; genitalia brown with brownish orange pile. Genitalia not dissected or figured.

Female: Length 7.0 mm; otherwise same as male except for sexual differences.

Type material. —

Holotype: d, Tempe, Arizona, 17.V. 1926 (A.A. Nichol) — JW.

Allotype: 9, Florence Jet., Ariz., 18. IV. 1935 (F.H. Parker) — USNM (Map 1 1).

Table 4. Characters used in the Interpretation of the Phylogeny of Boliartia. (See Dendrogram

4, p. 534)

- UCR(Map 10).

Boliartia tenuis new species

6A.1 B. bromleyi, B. isabella, B. munda, B. martini,

B. senecta and B. tenuis

Pile on mesonotum and abdomen short.

6A.2 B. nitor

*Pile on mesonotum and abdomen distinctly long

and appressed.

*Wing veins reddish brown.

*Legs (except coxae) entirely reddish brown.

Wing veins dark brown

Fore and mid femora black.

6B. 1 B. bromleyi, B. isabella, B. munda, B. senecta

Abdomen entirely black.

6B.2 B. tenuis and B. martini

*Abdomen from middle of second to seventh segment

reddish brown.

*Pollinosity on antepronotum at least on upper 0.5.Pollinosity on anteprenotum on upper 0.33.

6C. 1 B. tenuis

Hypandrium of equal thickness throughout.

Antennal pile entirely white.

6C.2 B. martini

*Hypandrium bulged subbasally.

Antennal pile reddish brown and black.

6D. 1 B. isabella, B. munda and B. senecta

One bristle on ventral surface of second antennal

segment weak.

Smaller, 6-7 mm.

6D.2 B. bromleyi

*Two bristles on ventral surface of second antennal segment

strong, distinct.

*Larger, 8-9 mm.

6E. 1 isabella

Legs entirely black.

6E.2 munda and senecta

*Tips of front and mid femora, part or all of hind femur,

and basal 0.5 of each tibia brownish.

6F.1 munda

Apical 0.5 of each tibia black; tarsi black

6F.2 senecta

*Tibiae entirely reddish brown; tarsi reddish brown basaUy

gradually darkened to black toward apices.

* denotes apomorphic condition
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Dendrogram 4. Phylogeny of the species of Bohartia.
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Maps 9-11. Distribution of the species of Bohartia.

G^nus Metadioctria Wilcox and Martin

Dioctria, suhgtnm Metadioctria Wilcox and Martin 1941: 19. Type-species; Dioctria ruhida

Coquillett; by original designation.

Diagnosis. — Antenna with short truncate style (Fig. 12); third segment subcylindrical, some-

what compressed laterally on base; first segment four times as long as wide, subequal in length to

second segment; frontovertex with two patches of bristles; antennal bases slightly elevated, with

cluster of bristles on each side (Fig. 26); ocellar bristles in two curved rows, each with 4-5 bristles;

face flat with distinct gibbosity on lower part; mystax cluster of bristles; pile on prementum

dense; pollinosity on occiput confined to margin; anterior corner of postpronotum, anterodorsal

one third of mesopleuron, anterior and posterodorsal corners of sternopleuron and posterior

third of hypopleuron pollinose; pronotum, scutum, dorsal and posterior margins of mesopleuron

and anterior and posterodorsal corners of sternopleuron with long, dense pile; scutellum with

erect marginal bristles (Fig. 47); front and midfemora thickest subbasally, gradually tapered at

both ends (Fig. 63); tarsi without conspicuous swollen hind metatarsus, emipodium pollinose

only basally (Fig. 74); wing 2.5 times as long as wide, infuscated; alula well-developed; abdomen

parallel sided; epandrium trapezoidal, with blunt epandrial arms (Fig. 89B); surstylus flat (Fig.

89C); hypandrium,somewhat rounded on base, extended apically as long median point (Fig. 89

hpa); lateral process of gonocoxite thick and broadened on dorsal part, at apex pointed ventrally

(Fig. 89D, E, F); medioventral process not well developed; gonostylus flattened, tapered apically,

curved mesally; aedeagus with lamellate lateral processes (Fig. 89G,H); ovipositor (Fig. 1 13) with

genital fork semicircular.

Remarks. — Adults of M. respJendens Foew are in general appearance quite suggestive of, and

the species has been included in, Metadioctria (Wilcox and Martin 1941), Martin and Wilcox 1965).

They have a shiny black integument, with slight greenish-gold reflections, all bristles and pile are

a rich golden yellow, and pollinosity is lacking except for a strip extended from the base of each

antenna to the ventrolateral corner of the face, a narrow band behind each eye and a small spot

on the anterodorsal and posterodorsal corners of the sternopleuron. The antennal style is two-
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segmented. The proboscis appears to be characteristic of Echthodopini but the second abdominal

segment lacks all traces of the broad transverse groove characteristic of both Dioctriini and Ech-

thodopini (Fig. 77-82). We suspect it belongs elsewhere taxonomically, and have therefore omitted

it from the present study.

Dioctria rubidus Coquillett 1893: 80.

Dioctria (Metadioctria) rubida Coquillett: Wilcox and Martin 1941 : 19.

Dioctria (Metadioctria) rubida nigripilosa Wilcox and Martin 1941 : 19.

Dioctria (Metadioctria) rubida atripes Wilcox and Martin 1941 : 20.

Description. - Face silvery-white pollinose; frontovertex and occiput (except for a pollinose band behind eye) shining black;

thorax, coxae and trochanters black; wing infuscated.

Remarks. — In males of the typical form of rubida, all pile and bristles (except on tarsi) are orange

yellow; fore and mid legs, hind femora and bases of hind tibiae are orange. Males of form atripes are

distinguished from the other two forms by having entirely black legs, black abdominal segments

and black pile, except on lower occiput and mesothoracic pleura; males of nigripilosa are inter-

mediate between typical rubida and atripes, having femora and basal halves of anterior tibiae

orange and the last two abdominal segments orange. These forms are apparently only colour

variants and consequently the names have no nomenclatural status.

Distribution. - Southern California from Ventura to San Bernardino and Riverside Counties

(Map 12).

Metadioctria rubida Coquillett

Specimens examined. - 166 “atripes”, 366 “nigripilosa”, Ilc5c5 typ\c2\ rubida and 1399.

Map 12

Map 12. Distribution of Metadioctria rubida.
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Genus Eudioctria Wilcox and Martin

Dioctria, suhgtnm Eudioctria Wilcox and Martin 1-941: 8. Type-species: Dioctria albius Walker,

by original designation.

Diagnosis. - Antennal style spoon-shaped, short, 0.20 as long as third segment (Fig. 15-17);

third segment thickened in middle; second segment of equal length to first; first segment twice as

long as its diameter; bristles on ocellar tubercle in curved rows; antennal bases slightly elevated,

with cluster of bristles on each side; face slightly concave in middle, gibbosity distinct; bristles

of mystax clustered (Fig. 31); prementum densely pilose; labellum notched subapically (Fig. 34);

occipital bristles long, dense, absent from vertical extension; frontovertex and occiput mainly

pollinose; lateral cervical sclerites densely pilose; antepronotum pilose along front margin and

on sides; scutum entirely pollinose to nearly bare with pollinose markings; scutal pile on margins,

on dorsocentral and acrostichal regions; upper and front margins of mesopleuron, front margin

and upper hind corner of sternopleuron and posterior half of hypopleuron pollinose; scutellum

pollinose on basal third in some species; legs either entirely black or black with orange markings

on basal half of each tibia; hind femur thickest subbasally, gradually tapered apically with short

recumbent dorsal and longer erect ventral pile, each hair arising from tubercle (Fig. 66-68); fore

and mid tibiae subcylindrical with sparse long pile, distinctly erect on ventral surfaces; hind tibia

tuberculate, with sparse erect pile and row of bristles on dorsal, front and ventral surface respectively;

hind metatarsus not swollen, at most twice as long as succeeding segments; empodium bare, polli-

nose only at extreme base (Fig. 76); wing infuscated, whitish basally in male, in some forms of some

species orange on basal half; Rq ended before wing tip (Fig. 59); alula distinct; abdominal segments

black, with base of third segment narrowest (Fig. 82); epandrium long with posterior margin deep-

ly cleft; posterior part of epandrium short and stumpy (Fig. 101-103), club-shaped (Fig. 104-106)

or broad and flat (Fig. 93-100); hypandrium short, narrow or broad or long; lateral process of

gonocoxite flat, broad and scooplike or absent; lateral arm of gonocoxite long, somewhat curved;

medioventral process of gonocoxite broad or insignificant; gonostylus blade-shaped; aedeagus

pointed ventrally with dorsal process of various shapes, sclerotized or membraneous; ovipositor

(Fig. 1 16-127) with hypogynium convex ventrally and narrow hypogynial valves; genital fork of

separate sclerites (Fig. 1 19-125) or these fused to each other at anterior ends (Fig. 1 17 and 118);

portions of ninth tergite quadrangular; tenth tergite band-like, with or without lateral indentation.

Remarks. — This genus is quite uniform especially in shape of antennae, facial gibbosity, thoracic

sclerites, wings and abdominal segments. Colour and pattern of pollinosity vary more substantially

and provide the principal characters on which the key has been based.

Males of some species and the females of E. sackeni also show polymorphism in the form of two

or more colour variants. The variants in E. albius and E. sackeni are particularly striking and have

been given names. Similar polymorphism also exists in E. propinqua, in which all four variants have

been collected together in the same forest clearing at the same time, each taken in copula with indis-

tinguishable females. Fess pronounced variation also occurs in E. doanei, E. media, E. brevis and E.

tibialis.

Based on structure of the male genitalia, members of this genus are arranged in six species groups

as follows:

1. albius group — E. albius and E. propinqua (Fig. 96 and 97);

2. doanei group -- E. doanei and E. beameri (Fig. 101-104);

3. media group — E. media (Fig. 93);

4. rnonrovia group - E. dissimilis and E. monrovia (Fig. 94 and 95);

5. nitida group — E. denuda, E. nitida and E. unica (Fig. 98-100); and

6. sackeni group — E. brevis, E. disjuneta, E. saekeni and E. tibialis (Fig. 105 and 106).

The characters used to arrive at an interpretation of the phylogeny (Dendrogram 5) of the 14

species are indicated in Table 5.
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Wilcox and Martin (1941) and Martin and Wilcox (1965) also included Dioctria parvula

Coquillett in Eiidioctria, but this species appears to us to be at least congeneric, if not conspecific,

withM resplendens Loew, which we have excluded from the Echthodopini (see Remarks under

Metadioctria).

Key to the species of Eiidioctria

1 Facial gibbosity without pollen imica new species, p. 543

r Facial gibbosity, at base of mystax, pollinose as in upper part of face 2

2 (F) Posterior edge of mesopleuron with thin band of pollen extended down to margin

of sternopleuron (as in Fig. 36) 3

2’ Fower half of mesopleuron without pollen (Fig. 43) 8

3 (2) Postpronotum bare of pollen except for narrow band adjacent to scutum ... 4

3’ Postpronotum pollinose on upper half or more 6

4 (3) Scutum yellow pollinose with a pair of narrow parallel bare dorsocentral stripes on

anterior third, and a large oval bare spot on each intraalar region extending from

level of prothoracic spiracle to level of squama (see Fig. 43)

disjuncta new species, p. 544
4’ Scutum without bare dorsocentral stripes 5

5 (4’) Scutum entirely yellowish-grey or brown pollinose; scutellum pollinose at base . .

sackeui Williston, p.

5’ Scutum brown pollinose with bare anterior margin, and with a large oval bare spot

on each intraalar region brevis Banks, p. 543

6 (3’) Eastern species; bristles of mystax, antennae, frontovertex and upper occiput either

all yellow or all black propinqiia Bromley, p. 540
6’ Western species; bristles of antennae, frontovertex and upper occiput yellowish-brown

contrasting with mainly or entirely black mystax 7

7 (6’) Tibiae orange basally, black apically; bristles on antennae, frontovertex and upper

occiput orange-brown doanei Melander, p. 540

7’ Tibiae entirely black; bristles on upper half of head pale yellow

beameri Wilcox and Martin, p. 540

8 (2’) Scutum mainly bare of pollen except triangular area between postpronotum and

dorsocentral hairs, narrow strip along supraalar margin, and (in tibialis) pair of small

triangles anterior to scutellum 9

8’ Scutum mainly pollinose, especially median area . . 10

9 (8) Mesopleuron without pollen tibialis Banks, p. 544

9’ Mesopleuron pollinose on anterodorsal third .... dissimilis new species, p. 541

10 (8’) Scutellum pollinose dorsally at least on basal half media Banks, p. 541

10’ Scutellum without pollen except for possibly a narrow strip along anterior margin

11

11 (10’) Eastern species; scutum pollinose to anterior margin; bristles of antennae, upper part

of head and mystax and bases of tibiae, concolorous, either all orange or all black

Walker, p. 539

1
1’ Western species; scutum bare of pollen along anterior margin between postpronota;

bristles of antennae, upper part of head and mystax not concolorous with bases of

tibiae 12

12(11’) Tibiae entirely black; bristles of antennae, frontovertex upper occiput and at least

lower part of mystax orange-brown monrovia Wilcox and Martin, p. 542

1
2’ Tibiae orange basally, black apically; bristles of antennae, frontovertex, upper occiput

and mystax black 13
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13 (12’) Scutum entirely pollinose niticla Williston, p. 542

13’ Scutum with oval bare spot on each side extended nearly to scutellum

denuda Wilcox and Martin, p. 542

The albiiis group

The two species assigned to this group, E. albiiis and E. propinqiia, are similar to each other

but males are distinguished by shape of aedeagus (Fig. 96 and 97) and pattern of pollinosity on

the scutum and mesopleuron.

Males of both species show pronounced polymorphism. The face is either white or yellow, and

basal half of the wing, either orange or brown. The orange wing base is correlated with orange-

yellow hairs on the head and scutum, with lighter pollinosity on the scutum and with orange bases

to all tibiae, resulting in an insect strikingly different from its dark-winged counterpart. All four

combinations have been found in E. propinqiia, all taken in copula with virtually identical females.

Only three of the four theoretically possible variants, however, are known for E. albiiis. A white-

faced, orange winged variant has not yet been discovered, but probably would be found by more

extensive collecting.

The presence of an apparently homologous set of variants in males of both E. albiiis and E.

propinqiia has led us to assume that this polymorphism was also present in their common ancestor,

and that the alleles have persisted in both species unaltered.

Eiidioctria albiiis Walker

Dio ctria albiiis ^'d\kQY 1849: 301.

Dioctria (Eiidioctria) albiiis Walker: Wilcox and Martin 1941: 10.

Dioctria (Eiidioctria) albiiis f. aiirifacies Wilcox and Martin 1941 : 1 1.

Dioctria (Eiidioctria) albiiis f. xanthopennis Wilcox and Martin 1941 : 12.

Description. - Male: length 10.0-12.0 mm; pile on mouthparts and lower part of occiput white; side of antepronotum with

orange pollinosity on posterior half; scutum orange yellow pollinose with submarginal bare spot on each side; dorsal half of

mesopleuron yellowish pollinose; pUe on legs and abdomen orange yellow; male genitalia with broad posterolateral part of

epandrium (Fig. 96B), aedeagus with dorsal process formed into a hook with blunt tip (Fig. 96G).

Female: length 10.0-13.0 mm; uniformly black; face orange yellow; mysta.x black; bristles on frontovertex, on antenna, on

ocellar tubercle, on upper occiput and on mesonotum black; ovipositor with genital fork of two lateral sclerites (Fig. 119A);

hypogynial valves slender, wide apart (Fig. 119B).

Remarks. — In the male the face is either silvery white or golden yellow, and the wing is either

uniformly infuscated (with slight whitish tinge at base) or infuscated on apical half and orange on

basal half. Specimens with orange wing bases have the basal part of the tibiae orange and orange

pile on head, scutum, pronotum and mesonotum. Those with uniformly infuscated wings have a

black mystax, black bristles on the antennal segments, on the frontovertex, on the ocellar tubercle

and on the upper part of the occiput. Three of the four theoretically possible variants have been

described by Wilcox and Martin ( 1941 ), as follows: form albiiis (white-faced, dark-winged), from

form aiirifaces (orange-faced, dark-winged), and form xanthopennis (orange-faced, orange-winged).

As they now appear to be colour variants only, these names are here considered as having no formal

nomenclatural status.

In addition to the colour variants, there are four types of aedeagus (Fig. 96G 1, 2, 3, 4) that

cannot be correlated with the colour variation. Each of these colour variants has all four types of

aedeagus. All other parts of the male genitalia are essentially uniform within the species. It is

conceivable that four species could be represented among the material, each possessing the three

colour variants; unfortunately, it was not possible to conduct the necessary studies to resolve the

problem.

Distribution. — All three forms are found intermingled along the Appalachians from New
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Hampshire to Tennessee and North Carolina, with scattered records in Ontario and Wisconsin

(Map 18).

Specimens examined. — 1166 iypiceA albius, 1 Idd “aurifacies”
,
566 “xanthopennis” and

137 99.

Eudioctria propinqua Bromley

Dioctria propinqua Bromley 1924: 125.

Dioctria (Eudioctria) propinqua Bromley: Wilcox and Martin 1941 : 13.

Description. - Male: Similar to E. albius, except scutum entirely pollinose, without submarginal bare spots, and hind margin

of mesopleuron poUinose along its entire length.

Female: uniformly black with pattern of pollinosity as in male; pollinosity uniformly orange yeUow; legs black; wing infus-

cated; ovipositor with genital fork of two separate sclerites (Fig. 120A), slightly different from that of^". albius.

Remarks. — Colour combinations homologous to those in albius also occur in this species.

All four possible combinations are known. The aedeagus also shows four variants (Fig. 97G),

which likewise cannot be correlated with the colour variation.

Distribution. — Along the Appalachians from eastern Quebec, Maine and Nova Scotia to

Tennessee and North Carolina (Map 17).

Specimens examined: 17 white-faced, dark-winged; 52 orange-faced, dark-winged; 9 white-

faced, orange-winged; 23 orange-faced, orange-winged; 121 99.

The doanei group

The two species assigned to this group are characterized by the membranous structure on

the dorsum of the aedeagus (Fig. 101-104, G, H), as well as by a pair of sclerites situated behind

the portions of the ninth tergite of the ovipositor (Fig. 124 and 1 25A).

Eudioctria beameri Wilcox and Martin

Dioctria (Eudioctria) beameri Wilcox and Martin 1941: 13-14.

Description. - Male: length 13.0-16.0 mm; face and frons brassy yellow; mystax black, some specimens with few orange

bristles on lower part; pile on head and antenna orange yellow; antepronotum pollinose dorsally, bare laterally; dorsal half of

postpronotum poUinose; scutum entirely yellowish-brown poUinose; dorsal half aiyd posterior margin of mesopleuron yellowish-

brown polUnose; legs entirely black; epandrium with postlateral projection (Fig. 104B, C); aedeagus with dorsal membranous

bulb-like structure (Fig. 104G, H).

Female: length 13.0-17.0 mm; ovipositor with pair of sclerites posterior to genital fork (Fig. 125A); genital fork of two

separate sclerites; posterior edge of lateral valve of hypogynium brim-like (Fig. 125B, C); otherwise as in male.

Distribution. — Vicinity of Sequoia National Park in the southern Sierra Nevada, California

(Map 19).

Specimens examined. — 666, 1 199.

Eudioctria doanei Melander

Dioctria doanei MeXdindQr 1923: 214.

Dioctria (Eudioctria) doanei Melander: Wilcox and Martin 1941: 14.

Colour and patterns of pile and pollinosity of this species are similar to those of beameri, it

is distinguished by the following characteristics.

Description. - Male: length 12.0-16.0 mm; face silvery white, orange in some specimens (Wilcox and Martin 1941); front and

mid tibiae orange-yeUow with black apices, hind femur orange-yeUow on basal 0.66, remaining 0.33 black; postlateral projection

on epandrium short, stumpy (Fig. lOlB, C).
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Female; length 12.0-16.0 mm; face orange yellow or silvery white; ovipositor different from that of beameri in shape of

genital fork (Fig. 124A); lateral valve of hypogynium (Fig. 124B, C) without brim-like posterior edge.

Remarks. — A male from Crescent City, California and two males and one female from

Forest Hill, Placer Co., California, in the collection of C.H. Martin, have the posterior half of

the scutum mainly bare. The male genitalia (Fig. 102 and 103) and other characters do not

differ, however, from those of E. doauei.

Distribution. — Southern Coast Range and southern Sierra Nevada, California. The four

aberrant specimens mentioned above are from the northern Californian Coast Range and northern

Sierra Nevada, California (Map 19).

Specimens examined. - 26dc5, 1999.

The media group

This species is sufficiently isolated to warrant placing it in a group by itself. It is characterized

by absence of the lateral process of the gonocoxite and lateral flap-like structure on the aedeagus

(Fig. 93).

Eudioctria media Banks

Dioctria media Banks 1917: 118.

Dioctria (Eudioctria) media Banks: Wilcox and Martin 1941: 15.

Description. — Male: length 8.0-11.0 mm; irons and face brassy poUinose; bristles on head and antennae black; pile on

lower occiput and mouthparts yellowish; supraalar and dorsocentral bristles black; remaining bristles and pile orange yellow;

dorsal surface of antepronotum pollinose; dorsal half of postpronotum pollinose; mesonotum entirely yellowish brown to

grey pollinose; dorsal half of mesopleuron yellow pollinose; scutellum pollinose dorsally; legs black; male genitaha with

lateroposterior part of epandrium broad (Fig. 93B); aedeagus with pair of lateral flap-like projections (Fig. 93G, H); hypandrium

longer than gonocoxite, slightly constricted at middle (Fig. 93 hpa).

Female: length 9.0-11.0 mm; otherwise as in male.

Remarks. - Three males, from Marin and Butte Counties, California, have a silvery face,

greyish pollinose scutum, and whitish lower half of the wing, and thus appear to belong to a

colour variant analogous to those found in E. albius and E. propinqua.

Distribution. — Along the Cascade Range, the Coast Range and on the northern parts of the

Sierra Nevada, California, with a single isolated record from northern Idaho (Map 13).

Specimens examined. — 33dd, 3199.

The monrovia group

The two species assigned to this group are closely related, but distinguished from each other

by patterns of pollinosity on the scutum, male genitalia (Fig. 94 and 95), and ovipositor (Fig.

117 and 118).

Eudoctria dissimilis new species

Description. - Male: length 7. 0-9.0 mm; frons and face brassy poUinose, head and antennal bristles and pUe orange-yellow;

mystax with few brownish bristles above; frontovertex polUnose only on sides, bare on area anterior to oceUar tubercle; dorsal

half of occiput bare; prothoracic sclerites without poUinosity; scutum shining black except for triangular spot posterior to

poUinosity between edge of postpronotum and dorsocentral hairs; dorsal third of mesopleuron yellow pollinose; scuteUum bare;

legs black; male genitalia with lateroposterior part of epandrium broad (Fig. 95B, C); hypandrium elongate, extended posteriorly

into brim-like structure (Fig. 95D); aedeagus with dorsal process compressed lateraUy, projected dorsally (Fig. 95G, H).

Female: length 8. 0-9.0 mm; ovipositor with genital fork as inverted U-shaped structure (Fig. 118A); otherwise same as male.

Type material —

Holotype: c5, Idyllwild, San Jacinto Mts., Calif., 18.VI.1940 (C. D. Michener), length:
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Allotype: 9, Harkey Creek, San Jacinto Mts., Calif., 4.VI.1940 (C. D. Michener) - CAS.

Paratypes: 1 6, same data as holotype; 1 d, same locality, 23.V.1940; 1 d, Pinon Flat, San

Jacinto Mts., 21.V. 1940; 1 9, same locality as allotype, 1.VI.1940; 1 d, 1 9, Ribbonwood, San

Jacinto Mts., 18.V. 1940 (all by C. D. Michener) — CAS. — 1 d, 1 9, Crystal Lake, Los Angeles

Co., Calif. (J. W. MacSwain) - UCB. (Map 15).

Eudioctria monrovia Wilcox and Martin

Dioctria (Eudioctria) monrovia Wilcox and Martin 1941: 15-16.

Description. - Male: length 8. 0-9.0 mm; face brassy poUinose; mystax yellow below with few black bristles above; fronto-

vertex entirely yellowish-brown poUinose; bristles of antennae and upper part of head brown; scutum largely poUinose with pair

of lateral bare spots; mesopleuron yeUow poUinose on upper half; male genitalia simUar to those of E. dissirnilis but hypandrium

without brim-like structure on posterior edge (Fig. 94D) and dorsal process of aedeagus without dorsal projection (Fig. 94G).

Female: length 8.0-10.0 mm; ovipositor with genital fork widened at middle (Fig. 117A); otherwise as in male.

Distribution. - Coast Range of southwestern California, from Los Angeles to the Laguna

Mts. (Map 16).

Specimens examined. - 266, 899.

The nitida group

Structure of the male genitalia and ovipositor suggest a relationship between this group and

the albius group. However, the pattern and texture of the pile and the pattern of distribution

of the nitida group readily distinguish this group from the albius group.

Diagnosis. — Male genitalia with lateroposterior part of epandrium flat and somewhat parallel

sided, lateral arm of gonocoxite short and dorsal process of aedeagus broad, somewhat appressed

dorsoventrally (Fig. 98-100).

Eudioctria denuda Wilcox and Martin

Dioctria (Eudioctria) nitida f. denuda Wilcox and Martin 1941: 17.

In addition to the pattern of pollinosity and of pile on the mesonotum, structure of the

male genitalia (Fig. 99) indicates that this species is distinct from E. nitida.

Description. - Male: length 10.5-12.0 mm; face brassy; frontovertex and occiput (except vertical extension) orange-brown

poUinose; mystax and bristles of antennae and upper half of head black; pro thoracic sclerites with dorsal surface and postero-

lateral corner of antepronotum, and posterodorsal edge of postpronotum, orange-brown poUinose; scutum mainly orange-brown

poUinose with pair of lateral bare spots; dorsal half of mesopleuron yeUow poUinose; scutellum bare; remaining thoracic pUe

orange-yeUow; front femur black on dorsal, orange on ventral, half; mid and hind femora black; tibiae largely orange yeUow,

black on apices; tarsi black; male genitaUa with lateroposterior part of epandrium broad (Fig. 99B, C); dorsal process of aedeagus

narrowed at middle (Fig. 99H).

Female: length 8.5-12.0 mm; front femur entirely black; otherwise same as male.

Distribution. - Western slopes of the Sierra Nevada, California (Map 1 5).

Specimens examined. — 966

,

3199.

Eudioctria nitida Williston

Dioctria nitida '^iWision 1884: 8.

Dioctria (Eudioctria) nitida Williston: Wilcox and Martin: 1941: 16.

Description. - length 11.0-13.0 mm; face brassy yeUow polUnose; frons paler yellow poUinose; occiput bare of poUen on

upper half; mystax and bristles of antennae and upper half of head black; pUe of lower occiput and of proboscis white; dorsal

surface and posterior corner of antepronotum with small patch of poUen; postpronotum poUinose only on posterodorsal edge;

scutum entirely yeUowish-brown poUinose; scutal pile rather long and suberect; front femur entirely black; male genitalia with
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dorsal process of aedeagus broadened at middle (Fig. 98H); otherwise similar to E. denuda.

Female: length 1 1.0-15.0 mm; coloration and pollinosity as in male.

Distribution. - Southern British Columbia south along the Coast Range and on the Western

slopes of the Northern Sierra Nevada, California to the level of San Francisco (Map 14).

Specimens examined. — 2466, 4099.

Eudioctria imica new species

Description. — Male: length 14.0-15.0 mm; face orange poUinose except for shining black gibbosity; frontovertex orange

pollinose; bristles of mystax, antennae and upper half of head black; pile on lower half of occiput, prementum and front

coxae white, crinkled, exceptionally long; postpronotum yellow pollinose on upper half; scutum with thin brownish pollen,

and long yellow pile on acrostical, dorsocentral and supraalar regions; upper half and posterior margin of mesopleuron yellow

pollinose; tibiae orange except at apices; rest of legs black; male genitalia with dorsal process of aedeagus slender but broadened

at middle (Fig. lOOH); lateroposterior part of epandrium short (Fig. lOOB); lateral arm of gonocoxite short (Fig. lOOA); other-

wise similar to nitida.

Female: length 12.5-13.0 mm; hind femur distinctly stouter than that of male (compare Fig. 67 and 68); otherwise as in male.

Type material —

Holotype; 6, 4 road mi. E. Shasta City, Siskiyou Co., Calif., 23.VII.1962, McBride Camp

Bround (D. C. Rentz, C. D. MacNeill) - CAS.

Allotype: 9, Meadow Valley, Plumas Co., Calif., 5-6000', 20.VI.1924 (E. C. VanDyke) -- CAS.

Paratypes: 1 6, Sagehen Creek, near Hobart Mills, Nevada Co., Calif., 17.VI.1964 (M. E. Irwin)

UCR; 1 9, Fallen Leaf Lake, Lake Tahoe, 24.VII.1915 (E. C. VanDyke) - CAS. (Map 14).

The sackeni group

Four species are assigned to this group; E. brevis, E. disjiincta, E. sackeni, and E. tibialis.

Of these, only E. sackeni is found west of the Rocky Mountains.

Good distinguishing characters for this group are in the male genitalia and ovipositor. The

posterior part of the epandrium is elongated to form a club-shaped structure and the dorsal

process of the aedeagus is broad and membranous (Fig. 105 and 106). In the female the genital

fork is fused to adjacent portions of the ninth tergite (Fig. 126 and 127).

Eudioctria brevis Banks

Dioctria brevis Banks 1917: 117.

Dioctria (Eudioctria) brevis Banks: Wilcox and Martin 1941; 12.

Description. - Male: length 8.5-11.0 mm; face either reddish to coppery brown or yellow pollinose; frontovertex yellowish

pollinose; occiput pollinose on lower 0.66, bare on remainder; mystax, bristles of antenna, frontovertex, ocellar tubercle and

upper part of occiput either black (when face is coppery brown) or yeUow (when face is yellow); pile on lower part of occiput

and on mouthparts white; bristles on lateral cervical sclerite yellowish; prothorax without pollinosity except narrow brown band

on postpronotum adjacent to scutum; scutum largely reddish brown pollinose, except large bare spot on each side and bare area

along anterior margin between postpronota; pronotal and scutal bristles either black (when face is coppery) or yellow (when face

is yellow); dorsal third and posterior margin of mesopleuron yellowish white pollinose; scutellum bare; wings usually uniformly

brown, rarely paler on basal half but not correlated with yellow face; legs either entirely black (when face is coppery) or tibiae

orange basally (when face is yellow); pile on legs and on abdomen yellowish; male genitalia with lateroposterior part of epandrium

elongate, club-shaped (Fig. 106B, C); membranous structure present on dorsal process of aedeagus (Fig. 106G, H).

Female: length 8.0-12.0 mm; face yellow; mystax, head, antennal and scutal hairs and bristles orange yellow; legs black;

ovipositor with genital fork fused to adjacent portion of ninth tergite (Fig. 127A); otherwise same as male.

Distribution. — Along the Appalachian Mountains from New Hampshire to Tennessee and

North Carolina with an isolated record in eastern Ohio (Map 20).

Specimens examined. — 184 reddish brown-faced dc5, 9 orange-faced 66 and 20199.
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I

Eudioctria disjimcta new species

Description. - Female: length 9.0 mm; pollinosity orange yellow; pile orange yeUow; face yellow; frontovertex entirely

yellowish white pollinose; upper third of occiput bare; mystax light brown; bristles of antennae and upper half of head yeUow;

posterior corner of antepronotum yellow pollinose; scutum largely pollinose with pair of parallel, longitudinal bare streaks on

anterior dorsocentral region and a bare spot on each side; dorsal half and posterior margin of mesopleuron yellowish white

pollinose; basal 0.66 or more of each tibia orange yellow.

Male unknown.

Type material —

Holotype: 9, Kerrville, Texas, 21. IV. 1959 (J. F. McAlpine) — CNC.

Paratype; 9, same locality, 17. IV. 1959 (J. F. McAlpine) — CNC.

Distribution. — Known only from the type locality (Map 20).

Eudioctria sackeni Williston

Dioctria sackeni^iWision 1884; 8.

Dioctria sackeni f. rivalis Melander 1 923; 2 1 5-2 1 6.

Dioctria (Eudioctria) sackeni Williston; Wilcox and Martin 1941; 17-18.

Dioctria (Eudioctria) sackeni rivalis Melander; Wilcox and Martin 1941 ; 18-19.

This is the only species of the sackeni group found west of the Rocky Mountains. Two
strikingly different colour morphs occur, each in both sexes, with males showing greater

differentiation. In the typical morph {sackeni) the face is yellowish-white, frons slightly darker

yellow, mystax, and bristles of antennae and upper half of head yellow, front and mid femora black

dorsally, orange ventrally while all the tibiae are orange except for black apices. The male wing

is orange basally, infuscated on apical half. In the other morph (rivalis) the face is silver in the male,

brassy in the female, the pollen of the frontovertex, scutum and scutellum is coppery-brown, the

mystax and bristles of antennae and upper half of head are black, legs are black (except for extreme

apices of femora and extreme bases of tibiae which are orange), and the wings are completely

infuscated. No differences have been found between the genitalia of either morph.

Description. - Male: length 6. 0-8.0 mm; face, frontovertex and occiput (except vertical extension) completely pollinose;

antepronotum pollinose on dorsal suface; scutum entirely pollinose; dorsal 0.66 and posterior margin of mesopleuron yellowish-

white pollinose; basal third of scutellum poUinose (Fig. 50); lateroposterior part of epandrium club-shaped (Fig. 105B); membranous

structure present on dorsal process of aedeagus (Fig. 105G, H).

Female: length 7. 0-9.0 mm; patterns of pollinosity as in male; genital fork df two separate sclerites, each fused to adjacent

portion of ninth tergite (Fig. 126A).

Distribution. — Southern British Columbia, northern Idaho and northwestern Montana, to Los

Angeles, California, along the Cascade Range and the Northern Sierra Nevada.(Map 21).

Specimens examined. — 64dc5, 7499 of sackeni (s.s.), and 3166, 6799 of rivalis.

Eudioctria tibialis Banks

Dioctria longicornis Banks 1917; 118, nec Meigen 1820.

Dioctria longicornis var. tibialis Banks 1917; 118.

Dioctria banksi Johnson 1918; 103; (new name for/), longicornis Banks).

Dioctria (Eudioctria) banksi Johnson; Wilcox and Martin 1941; 12.

Dioctria (Eudioctria) tibialis Banks; Wilcox and Martin 1965; 371.

This species is the least pollinose in the sackeni group.

Description. - Male: length 8.5-10.0 mm; face reddish brown pollinose; frontovertex completely orange yellow pollinose;

upper third of occiput bare; mystax reddish brown with a few white bristles below; bristles of antenna, frontovertex, ocellar

tubercle and occiput brownish; prothoracic sclerites without pollinosity; scutum bare, shining black except for small spot

between postpronotum and dorsocentral hairs; mesopleuron without pollinosity; legs usually black (some specimens that have
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basal halves of tibiae yellowish were described as var. tibialis (Banks 1917); wing infuscated.

Female: length 9.5-11.0 mm; face orange yellow; otherwise similar to male.

Distribution. - New Jersey, Maryland and Virginia, also northwestern Arkansas (Mt. Magazine,

2800') (Map 22).

Specimens examined: — 3166, 4699.

propinqug

Map 17

h:

Map 18

Maps 13-18. Distribution of the species ot Eudioctria.
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Map 21 Map 22

Maps 19-22. Distribution of the species of Eudioctria.
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Table 5. Characters used for Interpretation of the Phylogeny of Euclioctria. (See Dendrogram

5, p. 548)

4C.1 albius-, media-, monrovia, andnitida groups

Lateroposterior part of epandrium broad and flat.

Dorsal process of aedeagus curved sclerotized structure.

Gonostylus tapered apically.

Lateral process of aedeagus not extended along inner

edge of gonocoxite.

4C.2 doanei- and sackeni groups

*Lateroposterior corner of epandrium extended into outgrowth.

Dorsal process of aedeagus extended into membranous structure.

*Gonostylus with subapical bulge.

*Lateral process of aedeagus extended as flap along inner edge

of gonocoxite.

4D. 1 doanei group

Posterior part of epandrium, lateral to cleft, broad and

short, half as long as epandrial length.

*Dorsal process of aedeagus extended as long

membranous bulbous structure.

*Pair of sclerites present posterior to portions of ninth

tergite.

4D.2 sackeni group

* Posterior part of epandrium elongated as club-shaped structure,

0.66 as long as epandrial length.

Dorsal process of aedeagus extended as short bubble-Uke

membranous structure.

No sclerites behind portions of ninth tergite.

Genital fork not fused to ninth tergite. *Genital fork fused to ninth tergite.

4E.1 if. sackeni

Occiput, except vertical extension, entirely poUinose.

Mesonotum entirely pollinose.

*ScuteUum poUinose.

Genital fork not fused to each other.

4E.2 E. disjuncta, E. brevis, E. tibialis

*LIpper 0.33 of occiput bare.

* Mesonotum with bare markings.

Scutellum bare.

*Genital fork fused on anterior ends.

4F. 1 E. disjuncta and E. brevis

Mesonotum polhnose with pair of bare markings above

wing bases.

Mesopleuron polUnose.

4F.2 E. tibialis

* Mesonotum largely bare, poUinosity present only posterior

to postpronotum.

* Mesopleuron bare.

4G. 1 E. disjuncta

Posterior corner of antepronotum polUnose.

^Anterior dorsocentral region with bare streak.

Mesopleural poUinosity on anterior edge extended to

lower margin of mesopleuron.

*PoUinosity on posterodorsal comer of sternopleuron

extended forward on lower part almost

to sternopleural suture.

4G.2 E. brevis

Antepronotum bare.

Anterior dorsocentral regions entirely pollinose.

Mesopleural poUinosity not extended to lower margin

of mesopleuron.

PoUinosity on posterodorsal corner of sternopleuron not

extended forward.

4H. 1 E. doanei

Tibiae orange basaUy.

Outgrowth on epandrium short, stumpy.

Lateral arm of hypogynium graduaUy tapered posteriorly.

4H.2E’. bearneri

Tibiae black.

*Outgrowth on epandrium elongate.

^Lateral arm of hypogynium abruptly tapered posteriorly in

form of posterior brim.

nitida—, monrovia-, and groups

Scutellum bare.

Lateral process of gonocoxite present.

Aedeagus without lateral flap-like structure.

4J.2 media

*Basal half of scutellum poUinose.

* Lateral process of gonocoxite absent.

*Aedeagus with pair of lateral flap-like structures.

4K.1 nitida group

Dorsal process of aedeagus flattened dorsoventraUy.

4K.2 albius- and monrovia groups

Dorsal process of aedeagus compressed lateraUy.

4L.1 monrovia group

Side of pronotum not polUnose.

*Hypandrium elongate, longer than gonocoxite.

No polymorphism.

Western.

*Medioventral process of gonocoxite greatly reduced.

Lateral process of gonocoxite flat.

*Genital fork fused on anterior ends, in form of

inverted U-shaped structure.

4L.2 albius group

Side of pronotum polUnose.

Hypandrium short, at most half as long as gonocoxite.

*Polymorphism in males.

*Eastern.

Medioventral process of gonocoxite broad.

*Lateral process of gonocoxite concave, scoop-like.

Genital fork as two separate sclerites.
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Dendrogram 5. Phylogeny of the species of Eudioctria.
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Table 5. (concluded). Characters used for Interpretation of the Phylogeny of Eudioctria.

4M.1 E. propinqua

Mesonotum entirely poUinose.

Posterior margin of mesopleuron poUinose.

Tip of dorsal process of aedeagus pointed.

4N.1 E. monrovia

Mesonotum mainly poUinose with pair of bare markings.

Posterior edge of hypandrium not formed as brim-like

extension.

Dorsal process of aedeagus without dorsal projection.

*Genital fork broadened at middle.

4P.1 E. nitida and E. unica

Mesonotum entirely poUinose.

*Mesonotal and mesopleural hairs longer.

*Dorsal process of aedeagus broadened in middle.

4M.2 E. alhius

*Mesonotum with pair of sublateral bare markings.

^Posterior margin of mesopleuron poUinose only on upper half.

*Tip of dorsal process of aedeagus blunt, in form of hook.

4N.2 £. dissimilis

* Mesonotum largely bare, poUinose only posterior to post-

pronotum.

*Posterior edge of hypandrium extended as brim.

*Dorsal process of aedeagus with dorsal projection.

Genital fork horse-shoe shaped.

4?.2 E. denuda

*Mesonotum with bare spots.

Mesonotal and mesopleural hairs shorter.

*Dorsal process of aedeagus narrowed in middle.

4Q. 1 E. nitida 4Q.2 E. unica

Face entirely poUinose. *Face with triangular bare marking on gibbosity.

*Posterior part of epandrium more horizontal Posterior part of epandrium more vertical,

than vertical.

* denotes apomorphic condition

Genus Echthodopa Loew

Echthodopa Loew 1866: 15. Type-species: Echthodopa piibera Loew (loc. cit.), by monotypy.

Echthopoda Loew 1872: 62, unjustified emendation of Echthodopa.

Diagnosis. - Antennal style spoon-shaped, third segment of antenna subcylindrical and

elongate, first segment 1.33 as long as second, with hairs on ventral surface not uniform in length

(Lig. 20); frontovertex without pollinosity, bristles along margins, pair of patches of bristles near

antennal bases; ocellar bristles in curved rows; occiput poUinose; face poUinose, with gibbosity on

lower part (Lig. 32); mystax of clustered hairs; prementum densely pilose; labellum notched sub-

apically; thorax black; prothoracic sclerites densely pilose, poUinose on side of antepronotum;

mesonotum not poUinose, evenly pilose; mesothoracic pleuron poUinose on almost entire surface

of mesopleuron, along dorsal margin of sternopleuron, on pteropleuron, and on posterior half of

hypopleuron; scutellum pilose with long bristles along posterior edge (Lig. 51); basal 0.66 of each

tibia orange, remainder of legs black; pile on legs orange-yellow; hind and mid femora each with a

patch of short strong bristles on subapical anterior surface; wing hyaline, alula well developed, R4

ended before wing tip; abdomen black, narrowest at intersegment between second and third segment;

second abdominal segment with transverse subbasal groove turned forward on sides; abdominal

pile orange yellow, longest on sides of second segment; male genitalia almost uniform (Lig. 108),

with hypandrium either parallel sided (Lig. 108A) or constricted subapically; epandrium split into

two lateral halves, without epandrial arms (Lig. 108B, C); aedeagus with dorsal bulge (Lig. 108G, H);

ovipositor with genital fork split at anterior end (Lig. 1 28A).

Remarks. - Although various emended spellings of the name, e.g. Echtodopa, Echtopoda, Echtho-

poda, have been used, there is no indication in the original publication that Echthodopa was an

inadvertant printer’s error, thus the original spelling is accepted in accordance with Article 32(a)ii,

International Code of Zoological Nomenclature.

This genus is represented in both eastern and western North America by three quite similar species.

The characters used to deduce their phylogeny (Dendrogram 6) are tabulated in Table 6.
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Echthodopa

Dendrogram 6. Phytogeny of the species oi Echthodopa.



Nearctic Dioctriini and Echthodopini 551

Key to the species of Echtlwdopa

1 Mystax black Bromley, p. 551

r Mystax orange or yellow 2

2(1’) Bristles on male and female genitalia black; hypandrium constricted subapically. .

/onnoM Loew, p. 551

2’ Bristles on male and female genitalia orange yellow; hypandrium parallel sided (Fig. 108)

pubera Loew, p. 551

Echtlwdopa caroliuensis Bromley

Echtlwdopa carolineusis BromlQ)/ 1951: 9.

Description. - Male: length 20.0 mm; mystax black, remaining pile and bristles orange yellow; hypandrium constricted

subapically.

Female: Unknown.

Distribution. — Known only from the type locality, Linville Falls, N.C., at 3000-3200'

(Map 23).

Specimens examined. — 266 (holotype and paratype).

Echtlwdopa formosa Foew

Echtlwdopa formosa Foew 1872: 62.

Echtlwdopa formosa Foew; Back 1909: 248.

Description. - Male: length 18.0-19.0 mm; pUe of two slightly different colors, that on frontovertex, occiput and mesonotum

bright orange yellow, on remaining parts pale yellowish; bristles on genitalia black; hypandrium constricted subapically.

Female: same as male.

Distribution. - Massachusetts to Mississippi (Map 23).

Specimens examined. — 666, 699.

Echtlwdopa pubera Foew

Echtlwdopa pubera Foew 1866: 15.

Description. - Male: length 17.0-19.0 mm; pile uniformly pale yellowish; hypandrium parallel sided (Fig. 108A).

Female: same as male.

Distribution. ~ Rather widely distributed in two disjunct areas, Washington and Idaho, and

Wisconsin to Michigan, south to Texas (Map 24).

Specimens examined. — 6666, 5699.

Table 6. Characters used for Interpretation of the Phylogeny of Echtlwdopa.

4A.1 E. pubera

Hypandrium parallel sided.

Western.

4A. 2 E. formosa and E. carolinensis

*Hypandrium constricted subapically.

*Eastern.

4B. 1 E. formosa

Mystax orange yellow.

*Bristles on male and female genitalia black.

4B.2E. carolinensis

*Mystax black.

Bristles on male and female genitalia orange yellow.

* denotes apomorphic condition
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Map 24

Maps 23-24. Distribution of the species of Echthodopa.
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List of Nearctic Species of Dioctriini and Echthodopini

Dioctriini Hull, p. 513*

Dioctria Meigen, p. 514

subg. Nannodioctria Wilcox and Martin, p. 514

Wilcox and Martin, D. 514 Calif.

australis new species, p. 515

Bromley, p. 515

subg. Dioctria, p. 516

baumhaueri Meigen, p. 519

henshawi Johnson, p. 517

pleiiralis Banks, p. 517

pusio Osten Sacken, p. 518

vera Back, p. 5 1

8

wilcoxi new species, p. 5 1

8

Mexico

Fla.

introduced from Europe to eastern N.A.

B.C., and Ida., to Calif, and Utah.

Calif., Ariz.

B.C. to Calif.

Calif, to Colo, and N. Mex.

Calif.

Echthodopini new tribe, p. 523

Dicolonus Loew, p. 524

medium new species, p. 524

nigricentrum new species, p. 525

pulchrum new species, p. 525

simplex Loew, p. 525

sparsipilosurn Back, p. 525

Myelaphus Bigot, p. 528

lobicornis Osten Sacken, p. 528

melas Bigot, p. 528

Boliartia Hull, p. 529

bromleyi Hull, p. 530

Isabella new species, p. 531

martini new species, p. 531

munda new species, p. 532

nitor new species, p. 532

seneeta new species, p. 532

tenuis new species, p. 533

Metadioctria Wilcox and Martin, p. 535

rubida Coquillett, p. 536

Eudioctria Wilcox and Martin, p. 537

albius Walker, p. 539

beameri Wilcox and Martin, p. 540

brevis Banks, p. 543

denuda Wilcox and Martin, p. 542

disjimcta new species, p. 544

dissimilis new species, p. 541

doanei Melander, p. 540

media Banks, p. 541

monrovia Wilcox and Martin, p. 542

nitida Williston, p. 542

Calif., Nev.

B.C., Wash., Ida.

Calif.

B.C., Wash., Calif.

Rocky Mts. - Mont, to Colo.

Wash., Utah, Calif.

Calif.

Nev.

Calif., Nev.

Wash, and Wyo. to Calif, and Ariz.

Calif.

Calif.

Baja Calif., Mexico

Ariz.

Calif.

Wise, and N.H. to Tenn., and N.C.

Calif.

N.H. to Tenn. and N.C.

Calif.

Texas

Calif.

Calif.

Wash, and Ida. to Calif.

Calif.

B.C. to Calif.
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propinqua Bromley, p. 540

sackeui Williston, p. 544

tibialis Banks, p. 544

iinica new species, p. 543

Que. and N.S. to Tenn. and N.C.

B.C. and Mont, to Calif.

N.J. to Va., also Ark.

Calif.

Echthodopa Loew, p. 549

caroUnensis Bromley, p. 55

formosa Loew, p. 551

piibera Loew, p. 55

1

N.C.

Mass, to N.C.

Wash., Mich, to Texas

*Reference is to present text
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imm

Fig. 1. Head; A. frontal aspect; B. lateral aspect; ant. b - antennal bases; fc ~ face; fv - frontovertex; mx - mystax. Fig. 2.

Thorax, lateral aspect; apn - antepronotum; hpp - hypopleuron; Ics lateral cevical sclerite; mpr — mesopleural ridge; msp -

mesopleuron; msn - mesonotum; ppn — postpronotum; ptp — pteropleuron; stp - sternopleuron. Fig. 3. Hind leg, lateral aspect;

cx - coxa; fm - femur; mts - metatarsus; tb - tibia; tr - trochanter. Fig. 4. Wing; R4 - anterior branch of third vein; Ac - anal

cell; Me - marginal cell; P - posterior cell; Sm - submarginal cell; al - alula.
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Fig. 5. Male genitalia; A. ventral aspect, epandrium omitted; B. epandrium, dorsal aspect; C. epandrium, ventral aspect; D. lateral

aspect of genitalia; E. aedeagus, lateral aspect; F. aedeagus, dorsal aspect; adp - lateral process of aedeagus; epa - epandrium;

hpa - hypandrium; gc - gonocoxite; gs - gonostylus; Ip - lateral process of gonocoxite; mvp - medioventral process of gonocoxite;

ss — surstylus. Fig. 6. Ovipositor; A. ventral aspect; B. hypogynium; ventral aspect; C. lateral aspect of ovipositor; c- cercus;

gf - genital fork; hpg - hypogynium; hv - hypogynial valve; Iv - lateral valve of hypogynium; p9T - portion of ninth tergite;

8T - eighth tergite or epygynium (epg); lOT - tenth tergite.
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Fig. 7-20. Antenna; a. lateral aspect; b. dorsal aspect; Fig. 7. Dioctria alhicornis] Fig. 8. D. seminole\ Fig. 9. D. australis-. Fig. 10.

D. pleuralis'. Tig. 11. D. pusio-, Fig. 12. Metadioctria rubida\ Fig. 13. Bohartia isabella'. Fig. 14. '5. bromleyi\ Fig. 15. Eudioctria

albius-. Fig. 16. E. sackenv. Fig. 17. E. brevis-, Fig. 18. Dicolonus simplex-. Fig. 19. Myelaplnis lobicornis-. Fig. 20. Echthodopa pubera.

Quaest. Ent. 1975, 11 (4)
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Fig. 21-26. Head; A. frontal aspect; B. lateral aspect; Fig. ll.Dioctria aIbicornis\ Fig. 22. D. seminole\ Fig. 23. D. pleuralis;

Fig. 24. D. henshawi'. Fig. 25. D. pusio\ Fig. 26. Metadioctria mbida.
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Fig. 27-30. Head; A. front aspect; B. lateral aspect; Fig. 27. Bohartia isabella: Fig. 28. Dicolonus medium; Fig. 29. D. simplex;

Fig. 30. Myelaphus lobicomis.
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1mm

Fig. 31-32. Head; Fig. 31 . Eudioctria albius- Fig. 32. Echthodopa pubera. Fig. 33-34. Mouthparts; Fig. 33. Dioctria pusio\
Fig. 34. Eudioctria albius-, a. proboscis, lateral aspect; b. labrum; c. labium, ventral aspect; d. maxilla, ventral aspect; e. hypo-
pharynx, dorsal aspect; f. right lateral blade of hypopharynx, lateral aspect.
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Fig. 35-40. Thorax, A. lateral aspect; B. dorsal aspect; Fig. 35. Dioctria albicornis: Fig. 36. D. seminole\ Fig. 37. D. pleuralis;

Fig. 38. D. Iienshawi; Fig. 39. D. pusio: Fig. 40. Metadioctria nihida.
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1mm

Fig. 41-44. Thorax, A. lateral aspect; B. dorsal aspect; Fig. 41. Bohartia isaheUa; Fig. 42. B. martini’. Fig. 43. Eudioctria albiiis

Fig. 44. E. tibialis.
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Fig. 45-53. Scutellum, dorsal aspect; Fig. 45. Dioctria albicornis'. Fig. 46. D. pusio\ Fig. 47. Metadioctria ruhida\ Fig. 48. Bohartia

isabella', Fig. 49. Eudioctria albius; Fig. 50. E. sackeni'. Fig. 51. Echtbodopa pnbera\ Fig. 52. Dicolonus simplex'. Fig. 53. Myelaphus

lobicornis.

2mm

Fig. 54-59. Wing; Fig. 54. Dioctria albicornis-. Fig. 55. D. seminolc. Fig. 56. D. pusio'. Fig. 57. Metadioctria nibida'. Fig. 58.

Bohartia isabella'. Fig. 59. Eudioctria albiiis.
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Fig. 60-68. Hind leg; Fig. 60. Dioctria alhicornis\ Fig. 61. D. semmole\ Fig. 62. D. pleuralis\ Fig. 63. Metadioctria ruhida\ Fi
Bohartia Isabella; Fig. 65. B. martini; Fig. 66. Eudioctria albius; Fig. 67. E. unica, male; Fig. 68. E. unica, female.
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Fig. 69-70. Hind leg; Fig. 69. Dicolonus medium', Fig. 10. D. nigricentnim.

1mm

Fig. 71-76. Empodium; Fig. 1\. Dioctria albicornis; Fig. 12. D. seminole',V\g. 13. D. pleumlis'. Fig. 14. Metadioctria nibida'.

Fig. 75. Bohartia Isabella', Fig.76. Eudioctria albius.

Fig. 77-78. First three segments of abdomen. A. lateral aspect; B. dorsal aspect; Fig. 77. Dioctria albicornis-. Fig. 78. D. seminole.

Quaest. Ent. 1975, 11 (4)
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Fig. 79-82. First three segments of abdomen, A. lateral aspect; B. dorsal aspect; Fig. 79. Dioctria pleuralis; Fig. 80. Metadioctria

rubida; Fig. 81. Bohartia isabella\ Fig. 82. Eudioctria albius.
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1mm

Fig. 83-88. Male genitalia, A. ventral aspect, epandrium omitted; B. epandrium, dorsal aspect, C. epandrium, ventral aspect;

D. lateral aspect of genitalia; E. gonopode, mesal aspect; F. gonopode, dorsal aspect; G. aedeagus, lateral aspect; H. aedeagus,

dorsal aspect; Fig. 83. Dioctria albicomis\ Fig. 84. D. wilcoxi; Fig. 85. D. pleuralis\ Fig. 86. D. henshawi\ Fig. 87. D. vera\ Fig. 88.

D. pusio.
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imm

Fig. 89-92. Male genitalia; Fig. 89. Metadioctria nibida; Fig. 90. Bohartia isabella\ Fig. 91.5. martini-. Fig. 92. B. bromleyi.
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Fig. 93-97. Male genitalia; Fig. 93. Eudioctria media, gca — lateral arm of gonocoxite; dpa - dorsal process of aedcagus; Fig. 94.

E. monrovia] Fig. 95. E. dissimilis-. Fig. 96. E. alhiiis\ Fig. 97. E. propinqua.

Quaes t. Ent. 1975, 11 (4)
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Fig. 98-104. Male genitalia; Fig. 98. Eudiociria nitida; Fig. 99. E. denuda\ Fig. 100. E. unica; Fig. 101. E. doanei\ Fig. 102. E. doanei,

from Crescent City, California; Fig. 103. E. doanei, from Forest HiU, Placer Co., California; Fig. 104. E. beameri.
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1mm

Fig. 105-109. Male genitalia; Fig. \0S. Eiidioctria sackeni',¥\g. \06. E. brevis: Fig. \01 . Dicolonus simplex; Fig. Echthodopa

pubera; Fig. 109. Myelaphus lobicornis.

Quaest. Ent. 1975, 11 (4)
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Fig. 110-120. Ovipositor, A. ventral aspect, hypogynium omitted; B. hypogynium, ventral aspect; C. lateral aspect of ovipositor;

Fig. 110. Dioctria wilcoxi; Fig. 1 1 1. F). vera\ Fig. \ \2. D. pusio\ Fig. 1 1 3. Metadioctria ruhida\ Fig. 114. Bohartia isahella; Fig. 115.

B. martini'. Fig. 116. hudioctria media'. Fig. 117. £”. monrovia'. Fig. 118. E. dissimilis'. Fig. 119. E. alhius'. Fig. 120. E. propinqua.
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Fig. 121-130. Ovipositor; Fig. 121. Eudioctria nitida; Fig. 122. E. denuda; Fig. 123. E. unica\ Fig. 124. E. doanei; Fig. 125. E.

beameri] Fig. 126. E. sackenv. Fig. 127. E. brevis-. Fig. 128. Echthodopa pubera'. Fig. 129. Dicolonus simplex-. Fig. 130. Myelaphus

lobicornis.

Quaest. Ent. 1975, 1 1 (4)
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Fig. 131-139. Ovipositor; Fig. 131. Rhagio orestes; Fig. 132. Symphoromyia sp.; Fig. 133. Chrysopilus sp. Fig. 134. Tfiereva

flavicincta-. Fig. 135. Metaphragma planiceps; Fig. 136. Stenopogon inquinatus; Fig. 137. Nemomydas pantherinus; Fig. 138.
Aphoebantus obtectus\ Fig. 139. Trichophthalma lundbecki.



THE FIRST RECORD OF AN XmWEmiC DIALINEURA
SPECIES IN NORTH AMERICA (DIPTERA: THEREVIDAE)
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Dialineura gorodkovi Zaitzev, 1971, originally described from Siberia, is recorded from Ft.

Churchill, Manitoba, Canada. This is the first record of an authentic species of Dialineura

Rondani, 1856, in North America. The North American species hitherto placed in Dialineura

do not correspond with the current monophyletic concept of the genus which is based on sev-

eral synapomorphic characters of the male terminalia. Seven other species o/ Dialineura are

known from the Palaearctic region.

Vespece Dialineura gorodkovi Zaitzev, 1971, decrite de Siberie, est rnaintenant connu dii

Fort Churchill, Manitoba, Canada. C’est la premiere fois qu’une authentique espece de ce

genre est decouverte en Amerique du nord. L ’espece nord americaine, placee dans le genre

Dialineura Rondani, 1856, ne correspond pas avec le concept phylogenitique actuel du genre

qui est defini par plusieurs caracteres synapomorphiques de Vorgane reproducteur male. Nous

connaissons sept antres especes dans le region Palaearctique.

Lyneborg (1968) recently revised the therevid gQnus Dialineura Rondani, 1856. The genus

was considered as a monophyletic unit on the basis of several synapomorphic characters of

the male terminalia (see later). Five Palaearctic species were recognized, viz. D. anilis (Linne,

1761);Z). albata {CoquiWQtt, 1898);D. affinis Lyneborg, 1968;D. intermedia Lyneborg, 1968;

and Z). nigrofemorata Krober, 1937.

Zaitzev (1971) presented a revision of the Palaearctic species of Dialineura based on a much

more abundant material than was available to the present author. He recognized 8 species and

described three as new: D. mongolica (from Mongolia), D. gorodkovi (from northern and north-

eastern Siberia), D. aurata (from the Ussuri region) and D. lyneborgi (new name for nigrofemorata

sensu Lyneborg, 1968, nec Krober, 1937; from the Ussuri region). The vwimQS Dialineura inter-

media Lyneborg, 1968, andO. nigrofemorata Krober were synonymized, and this species was

demonstrated to be widely distributed from 90°E to Kamtchatka. Dialineura anilis (L.) is a

species occurring in Europe and extending eastward to western Siberia, and D. albata (Coq.)

occurs in Japan, and D. affinis Lyneborg in China.

This distribution pattern indicated the possible occurrence of Dialineura in North America,

but neither of the two species placed m Dialineura by Cole (in Stone et ah, 1965: 353) could

be verified as belonging to the genus. Lyneborg (1968: 148) called attention to Psilocephala

variegata Loew {sensu latoire) as possible members of Dialineura, but further examinations dis-

proved this opinion.

The first authentic specimen of Dialineura from North America was detected recently by

Dr. M. E. Irwin of the Illinois Natural History Survey, Urbana, Illinois, in material belonging

to the University of California, Berkeley. It is a male collected at Ft. Churchill, Manitoba, 5

July 1956, by H. M. Graham. The specimen is in good condition and agrees with the description

of the earlier mentioned Dialineura gorodkovi Zaitzev, 1971, hitherto known only from north-

ern and northeastern Siberia. The male terminalia proved to be very similar to those figured by

Zaitzev forO. gorodkovi. The figures presented below (Fig. 1-4) also show most of the synapo-

morphic characters on which the gQnm Dialineura is founded: a) hypandrium completely re-
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duced; b) dorsal gonocoxal process more or less reduced, not overhanging posterior corner of

gonocoxite; c) gonocoxite with long distal extension; d) epandriiim more or less distinctly bi-

segmented; e) paraproct more or less enlarged, usually clearly overhanging cerci; f) portion of

gonocoxite distal to dorsal gonocoxal process of most species with small fingerlike process;

g) dorsal apodeme of aedeagus often with two dentate processes (not especially well-marked

in D. gorodkovi).

Dialineura gorodkovi is about 8 mm long. Frontal hairs pale, face bare. Postocular setae

8, short and weak. Occipital setae absent. First antennal segment about as long as third seg-

ment and not much wider than this segment. Head whitish-grey to brownish-grey pollinose.

Antennae blackish, first segment greyish tomentose. Thoracic chaetotaxy: 3n, 2sa, Ipa, Idc,

2sc. Mesonotum brownish-grey, not distinctly patterned. Wings uniformly greyish-brown-

hyaline; stigma very indistinct. Halteres darkened basally. Femora greyish-black, Fj and F9

without setae, F3 with 2-3 weak av setae near middle. Tibiae brownish, darkened apically.

Abdomen entirely whitish-grey tomentose and with whitish pile. Terminalia as in Fig. 1-4.
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Fig. 1-4. Male terminalia of Dialineura gorodkovi, Ft. Churchill, Manitoba, Canada. 1, epandrium, cerci and paraproct in

dorsal view; 2, right gonocoxite with appendages in intero-dorsal view, dgp = dorsal gonocoxal process, deg = distal extension

of gonocoxite, fp = fingerUke process; 3, aedeagus in lateral view, da = dorsal apodeme; 4, aedeagus in dorsal view. The X

indicates the usual position of a minute sclerite, the hypandrium, absent from Dialineura specimens.
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The type-speeies of the 36 genera of Carabidae deseribed by F.-A. Bonelli in his work

Observations Entomologiqiies (1810 and 1813) are given. The type-speeies of Laemosteniis

is designated here.

Nous donnons I’espeee-type de 36 genres de Carabidae deerits par F.-A. Bonelli dans son

travail Observations Entomologiques. De plus nous designons Tespece-type de Laemosteniis.

The early Italian entomologist F.-A. Bonelli described 36 new genera of Carabidae in his

two-part publication Observations Entomologiques (1810 and 1813). Although Andrewes

(1919) did not regard all of these genera as being validly published, this view is no longer held

(see Gaskin and Lewis, 1956). Recently, Basilewsky (1969) enumerated the type-species of

Bonelli’s genera. Type selection in these genera, however, is complicated by the fact that Bonelli

did not associate any species with 28 of them, and the types of these must, therefore, be chosen

from those species first subsequently included (Article 69 (a) (ii) of the International Code of

Zoological Nomenclature. 1964). Basilewsky used Samouelle (1819) as his chief source of these

first subsequently included species. Unfortunately, he overlooked most of the Bonelli genera

cited with species in Panzer (1813), Latreille (181 6), and Germar (1817). The purpose of this

paper is to re-examine the type-species of Bonelli’s genera in the light of these and other early

works.

In the following list I have cited Bonelli’s genera in alphabetical order. Under each name

are listed all the “originally included species” with their source when this is not Bonelli. These

species are numbered in their original order. Any junior synonyms that were cited (and thus

available for designation as type-species) are here numbered as subgroups of the senior names

to avoid changing the original numbering. The type-species, its designator, and any comments

follow. All species are cited in their original combinations.

Abax Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:68); 1) Carabus striolatus Fabricius, 1801.

2) Carabus striola Fabricius, 1792.

Type-species: Carabus striola Fabricius, 1792 (= Carabus parallelepipedus Filler and Mitter-

pacher, 1783), designated by Westwood (1838:4). The designation of Carabus ovalis Duftschmid,

1812, by Chaudoir ( 1 838: 1 2) is not valid.

Agonum Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813; 52): 1) Carabus marginatus Linnaeus, 1758.

2) Carabus austriacus Fabricius, 1801. 3) Carabus sexpunetatus Linnaeus, 1758. 4) Carabus

viduus Panzer, 1796. 5) Carabus pieipes Fabricius, 1787. 5a) Carabus luteseens Panzer, 1796.

6) Carabus rotundatus Paykull, 1790. 7) Carabus vivalis Illiger, 1798. 7a) Carabus impiger Pan-

zer, 1809. 8) Carabus flavipes Panzer, 1809. 9) Carabus impressus Panzer, 1796. 10) Carabus

fuliginosus Panzer, 1809. 1 1) Carabus albipes Fabricius, 1796. 1 la) Carabus pavidus Panzer,
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1800. 1 lb) Carabus pallipes Fabricius, 1801. 12) Carabus ericeti Panzer, 1809.

Type-species; Carabus inarginatus Linnaeus, 1758, designated by Curtis (1827, No. 183).

Alpaeus Bonelli 1810:48 and Tabula Synoptica

Originally included species: 1 ) Carabus helhvigii Panzer, 1804. 2) Alpaeus tibialis Bonelli,

1810. 3) Alpaeus gagates Bonelli, 1810. 4) Alpaeus eastaneiis Bonelli, 1810. 5) Alpaeus fer-

rugiueus Bonelli, 1810. 6) Alpaeus angiistieollis ^or\A\i, 1810.

Type-species; Carabus liellwigii Panzer, 1804, by original designation (p. 53).

Amara Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:57): 1) Carabus apriearius Paykull, 1790.

2) Carabus ferrugiueus Linnaeus Degeer, 1774. 3) Carabus fulvus Muller, 1776. 4) Carabus

alpinus Paykull, 1790. 4a) Carabus torridus Panzer, 1796. 5) Carabus aulicus Panzer, 1796.

6) Carabus eurynotus Panzer, 1796. 6a) Carabus acuminatus Paykull, 1798. 7) Carabus vulgaris

Linnatus sensu Panzer, 1797. 8) Carabus eommunis Panzer, 1797.

Type-species: Carabus vulgaris Linnaeus Panzer, 1797 (= A?nara lunicollis Schi(?)dte,

1837), designated by Westwood (1838:4). For a discussion on the identity of Carabus vulgaris

Linnaeus see Lindroth (1957:335).

Auchomenus Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:54): 1) Carabus scrobieulatus Fabricius, 1801.

2) Carabus angusticollis Fabricius, 1801. 2a) Carabus assimilis Paykull, 1790. 3) Carabus prasinus

Thunberg, 1784.

Type-species; Carabus prasinus Thunberg, 1784 (= Carabus dorsalis Pontoppidan, 1763),

designated by Westwood (1838:3). Westwood erroneously attributed C prasinus to Fabricius.

Aptinus Bonelli 1810; Tabula Synoptica

Originally included species (from Panzer 1813:71): 1) Bracliinus mutilatus Fabricius, 1801.

Type-species: Bracliinus mutilatus Fabricius, 1801 Carabus bombarda Illiger, 1800), by

subsequent monotypy.

Blethisa Bonelli: Tabula Synoptica and p. 48

Originally included species; 1) Carabus borealis Paykull, 1790. 2) Carabus nndtipunctatus

Linnaeus, 1758. 3) Carabus parwnpunctatus Fabricius, 1792.

Type-species; Carabus niultipiinctatus Linnaeus, 1758, designated by Dejean (1826:266).

Calathus Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:60): 1) Carabus melanocephalus Linnaeus,

1758. 2) Carabus cisteloides Panzer, 1793.

Type-species; Carabus cisteloides Panzer, 1793 (= Carabus fuscipes Goeze, 1777), designated

by Curtis (1827, No. 184). Curtis erroneously attributed C. cisteloides to Illiger.
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CalUstus Bonelli 1810; Tabula Synoptica

Originally included species (from Panzer 1813:52): 1) Carahus hnuitus Fabricius, 1775.

Type-species; Carabus lunatus Fabricius, 1775, by subsequent monotypy.

Carenwn Bonelli 1813:47

Originally included species: 1) Scarites cyaneus Fabridus sensu Bonelli, 1813.

Type-species: Scarites cyaneus Fabricius Bonelli, 1813 (= Carenum bonellii Brulle,

1835), by original designation (p. 47) and monotypy.

Cephalotes Bonelli 1810; Tabula Synoptica

Originally included species (from those included under the replacement name Broseus Pan-

zer 1813:62): 1) Carabus cephalotes Linnaeus, 1758.

Type-species: Carabus eephalotes Linnaeus, 1758, by subsequent monotypy.

Chlaeuius Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:55): 1) Carabus festivus Panzer, 1796. 2)

Carabus spoliatus Rossi, 1792. 3) Carabus zonatus Panzer, 1796. 4) Carabus vestitus Paykull,

1790. S) Carabus holosericeus Fabndms, 1787.

Hope (1838:75) designated Carabus spoliatus Rossi, 1792, as type of Chlaeuius. Because

acceptance of Hope’s designation would upset current nomenclature in this important genus,

I propose to ask the International Commission on Zoological Nomenclature to use their plenary

powers to set aside this designation and select Carabus festivus Panzer, 1796, as type-species.

This would ensure that the concept of Chlaeuius stayed the same as that proposed by Basilewsky

and Grundmann ( 1954).

The designations of Carabus uigricoruis Fabricius, 1787, by Curtis (1 825, No. 83) and Carabus

uiargiuatus Linnaeus, seusu 1767, not 1758 by Westwood (1838:5) are not valid.

Deuietrias Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:73): 1) Carabus atricapillus Linnaeus, 1758.

2) Carabus quadriiuaculatus Linnaeus, 1758. 3) Carabus agilis Fabricius, 1787.

Type-species: Carabus atricapillus Linnaeus, 1758, designated by Latreille (1817:246).

Dicaelus Bonelli 1813:14

Originally included species; 1) Dicaelus purpiiratus Bonelli, 1813. 2) Dieaelus violaeeus

Bonelli, 1813. 3) Dieaelus elougatus Bonelli, 1813. 4) Dieaelus teter Bonelli, 1813.

Type-species; Dieaelus violaeeus Bonelli, 1813 {-Dicaelus purpuratiis Bonelli, 1813), desig-

nated by Hope ( 1838:82).

Diuodes Bonelli 1810: Tabula Synoptica

Originally included species (from Dejean 1821:9): \) Diuodes rufipes Bonelli iuouieu uuduui).

la) Carabus azureus Duftschmid, 1812. 2) Diuodes rotuudicollis Dejean (uomeu uuduui in

1821).

Quaest. Ent. 1975, 11 (4)
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Type-species; Carabiis azureus Duftschmid, 1 81 2 (= Harpalus decipiens Dufour, 1 820), by

subsequent monotypy.

Ditomus Bonelli 1810: Tabula Synoptica

Originally included species (from those included under the replacement name Aristus Latreille

1816; 190): 1) Carabus interriiptus Fabricius, 1775. 2) Scarites bucephahis Olivier, 1795. 3)

Carabus buprestoides ? Linnaeus, 1767. 4) Scarites sphaerocephahis Olivier, 1795. 5) Scarites

calydonius Rossi, 1790. 6) Scarites dama Rossi, 1792. 7) Carabus longieornis ? Fabricius, 1792.

Type-species: Scarites ealydonius Rossi, 1790, designated by Hope (1838: 81). Prior to

Hope, Bridle (1835:76) had clearly indicated, but not actually stated, that Scarites bucephahis

Olivier was the type of Ditomus. However, as Bridle did not even place this species in his nom-

inate division of the genus, his designation is ambiguous and thus contrary to Article 67 (c)

of the Code. Dejean (1825:437) had acted similarly when he stated that Bonelli had founded

Ditomus on Scaurus sulcatiis Fabricius but then placed this species in the second section of

the genus.

Acceptance of Hope’s type designation as being valid means that the concept of Ditomus

reverts to that held prior to Bedel (1879:62). Consequently, the name Ditomus must replace

Sabiemis Des Gozis, 1882, and another name must be found for the Ditomus of authors, not

Bonelli. This will probably Dixus Billberg, 1820. As there are relatively few species involved

there does not seem to be any great need to preserve Ditomus in its current meaning. Family

group names based on Ditomus will not be affected.

DolicJius Bonelli 1810: Tabula Synoptica

Originally included species (from Latreille 1816: 194): 1) Carabus flavicornis Fabricius,

1787. 2) Carabus angusticollis Fabricius, 1801.

Type-species: Carabus flavieoruis Fabricius, 1787 (= Carabus halensis Schaller, 1783), desig-

nated by Latreille (1817:532).

Dromius Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:73); 1) Carabus truncateUus Linnaeus, 1761.

Acceptance of Carabus truncateUus Linnaeus as type, by subsequent monotypy, would mean

that the nzLvaQ Dromius would xQpXziCQ Me tabletus Schmidt-Goebel, 1846, and some other name

would be needed for Dromius as it is currently understood. Dromius and Metabletus are large

genera, and changes in their generic nomenclature would be undesirable. Therefore, I propose

to ask the International Commission on Zoological Nomenclature to use their plenary powers

to set aside Panzer’s type selection and to designate Carabus quadrimaculatus Linnaeus, 1758,

as type-species. This is the species accepted as type by Andrewes (1939) and Basilewsky (1969),

who both believed that it was designated, by subsequent monotypy, in Samouelle (1819).

Prior to Bonelli the name Dromius had been used by Borkhausen (1797: 27) for a genus of

birds. Andrewes ( 1 939: 1 88) believed that this was a nomen nudum, but under the present

Code Dromius Borkhausen is an available name. Since it is a junior synonym of Cursorius

Latham, 1790, and has apparently never been used in the birds, I propose to ask the Commis-

sion to suppress it in favour of Dromius Bonelli.
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Dyschiriiis Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:67): 1) Scarites tliomcicus Rossi, 1790. 2)

Scarites gibbus Fabricius, 1792.

Type-species: Scarites thoraciciis Rossi, 1790, designated by Curtis (1831, No. 354). Curtis

erroneously attributed S. thoracicus to Panzer.

Enceladiis Bonelli 1813:28

Originally included species: 1) Enceladus gygas Bonelli, 1813.

Type-species: Enceladus gygas Bonelli, 1813, by monotypy.

Epomis Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:56): 1) Carabus cinctus Fabricius .scnsi/ Rossi,

1790. la) Carabus croesus Fabricius, 1801.

Type-species: Carabus cinctus Fabricius .s'c/z.si/ Rossi, 1790 (= Carabus circumscriptus Duft-

schmid, 1812), designated by Guerin ( 1824:234).

Helluo Bonelli 1813:21

Originally included species: \ ) Helluo costatus Bonelli, 1813.

Type-species: Helluo costatus Bonelli, 1813, by monotypy.

Laemostenus Bonelli 1810: Tabula Synoptica

Originally included species (from Billberg 1820:28): 1) Carabus terricola Herbst, 1784. 2)

Carabus subcyaneus Illiger, 1801. 3) Carabus janthinus Duftschmid, 1812. 4) Carabus fasciato-

punctatus Creutzer, 1799. 5) Laemostenus cornutus, nomen nudum.

Type-species: Carabus janthinus Duftschmid, 1812, here designated. Carabus terricola Herbst

has not been selected as it is already the type of Pristonychus Dejean, 1828 (designated by

Westwood, 1838:2), and it does not seem advisable to make Laemostenus and Pristonychus

objective synonyms. The designation of Pristonychus complanatus Dejean, 1828, by Jeannel

(1914:236) is not valid; nor is that of Sphodrus venustiis Clairville, nomen nudum (= Pristo-

nychus venustus Dejean, 1828) by Jeannel (1937:84).

Lamprias Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:71): 1) Carabus cyanocephalus Linnaeus,

1758.

Type-species: Carabus cyanocephalus Linnaeus, 1758, by subsequent monotypy.

Melanius Bonelli 1810: Tabula Synoptica

Originally included species (from Latreille 1816:194): 1) Carabus aterrimus Herbst, 1784.

Type-species: Carabus aterrimus Herbst, 1784, by subsequent monotypy. Acceptance of

this designation means that Melanius is a senior objective synonym of Omaseiis Dejean, 1821

(type-species designated by Curtis 1824, No. 15). Pseudomaseus Chaudoir, 1838, (type-species:

Carabus nigrita Fabricius, 1792, by original designation) must replace of authors.

Quaest. Ent. 1975, 11 (4)
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not Bonelli.

Molops Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:69): 1) Carabus elatiis Fabricius, 1801. la)

Scarites gagates Panzer, 1793. 2) Carabus terricola Hcrbst sens

u

Fabricius, 1792. 2a) Scarites

piceus Panzer, 1793. 3) Carabus illigeri Panzer, 1804.

Type-species: Carabus terricola Herbstsc/wn Fabricius, 1792 {= Scarites piceus Panzer, 1793),

designated by Flope (1838:71). The designation of Feronia robusta Dejean, 1828, by Chaudoir

(1838: 1 2) is not valid.

Codes Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:51): 1) Carabus helopioides Fabricius, 1792.

Type-species: Carabus helopioides Fabricius, 1792, by subsequent monotypy.

Pasimaclius Bonelli 1813:44

Originally included species: 1) Scarites depressus Fabricius, 1787. 2) Scarites marginatus

Fabricius, 1787.

Type-species: Scarites depressus Fabricius, 1787, designated by Flope (1838:94).

Pelor Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:69): 1) Flaps spinipes Fabricius, 1798.

Type-species: Blaps spinipes Fabricius, 1798, by subsequent monotypy.

Percus Bonelli 1810: Tabula Synoptica

Originally included species (from Latreille 1816: 193): 1) Carabus paykullii Rossi, 1792. 2)

Carabus laevigatus Fabricius, 1781.

Type-species: Carabus paykullii Rossi, 1792, designated by Jeannel (1942:769). The desig-

nation of Feronia lacertosa Dejean, 1828, by Chaudoir (1838: 1 1) is not valid; nor are the

designations of Feronia navarica Dejean, 1828, by Flope (1838:71) and Harpalus corsicus

Serville, 1821, by Duponchel ( 1 845:605).

Platynus Bonelli 1810: Tabula Synoptica

Originally included species (from Germar 1817: 303): 1) Carabus angusticollis Fabricius,

1801.

Type-species: Carabus angusticollis Fabricius, 1801 (= Carabus assimilis Paykull, 1790),

by subsequent monotypy.

Platysma Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:55): 1) Carabus nigrita Fabricius, 1792. la)

Carabus aterrinius Herbst, 1784. lb) Carabus confluens Panzer, 1796. 2) Carabus niger Schaller,

1783. 2a) Carabus leucophthalmus Linnaeus, 1758.

Type-species: Carabus niger Schaller, 1783, designated by Westwood (1838:4). Westwood
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erroneously attributed C. niger to Fabricius.

Poecilus Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:60): 1) Carabus dimidiatus Olivier, 1795.

la) Carabus kugelanni Panzer, 1797. 2) Carabus cupreus Linnaeus, 1758. 3) Carabus oblougo-

punctatus Fabricius, 1787. 4) Carabus panzeri Panzer, 1804. 5) Carabus autJiracinus llliger,

1798. 5a) Carabus nigrita Paykull, 1790. 6) Carabus vernalis Panzer, 1796.

Type-species: Carabus cupreus Linnaeus, 1758, designated by Curits (1827, No. 187).

Polistichus Bonelli 1810: Tabula Synoptica

Originally included species (from Latreille 1816:184): 1) Carabus fasciolatus Rossi sensu

Fabricius, 1801.

Type-species: Carabus fasciolatus Rossi sensu Fabricius, 1801 (= Buprestis connexus Four-

croy, 1785), by subsequent monotypy.

Procrustes Bonelli 1810:19 and Tabula Synoptica

Originally included species: 1) Carabus eoriaeeus Linnaeus, 1758.

Type-species: Carabus eoriaeeus Linnaeus, 1758, by monotypy.

Pterostichus Bonelli 1810: Tabula Synoptica

Originally included species (from Panzer 1813:70): 1) Carabus faseiatopunetatus Creutzer,

1799. 2) Carabus metallicus Fabricius, 1792. 3) Carabus jurine Panzer, 1804. 4) Carabus aethiops

Panzer, 1796.

Type-species: Carabus faseiatopunetatus Creutzer, 1799, designated by Curtis (1828, No.

196). Curtis erroneously attributed C faseiatopunetatus to Fabricius.
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Exposing dry, untreated infrared sensory pits o/Melanophila acuminata to osmium tetroxide

vapors for 72 hours made it possible to examine wax extrusions from glands adjacent to the

infrared sense organs. Scanning electron microscope photographs of the sensory pit, wax ex-

trusions and coalesced wax fibers are included.

Utilisant des fosses sensorielles de I’infra-rouge assechees et non traitees de la Melanophila

acuminata que nous avons exposees aux vapeurs du tetroxide d ’osmium pendant 72 heures, il

nous flit possible d’examiner des expulsions de cire provennant de glandes voisines des organes

sensoriels de I’infra-rouge. De plus nous incluons des photographies prises a I’aide du microscope

electronique a balayage des fosses sensorielles, des expulsions de cires et des anastomoses des

fibres de cire.

The sense organs of Melanophila acuminata that detect infrared radiation from forest fires

are situated in two pits posterolaterad to each middle coxal cavity (Evans, 1966a, 1966b). Multi-

pore wax glands adjacent to each sense organ secrete fine filaments of wax that coalesce with

other wax filaments so that the sensory area is covered by a fibrous mass of wax, as shown in

Fig. 1. Since the wax is secreted continuously and the fibrous masses are sloughed out of the

pits periodically, this mechanism probably serves to protect the sense organs from high concen-

trations of smoke and dust particles associated with fires. The wax could also function to prevent

Fig. 1. A portion of the infrared sensory pit of Melanophila acuminata showing some of the sense organs but mainly the fibrous

nature of the wax covering the pit.
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Fig. 2. The infrared sensory pit of M. acuminata with the wax removed revealing wax glands and sense organs.

Fig. 3. Wax extrusions in the infrared sensory pit ofM acuminata.
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excessive water loss from the thin, unsclerotized cuticle of the sense organs and adjoining areas in

in the pit. The mechanism for this is unknown but the filaments could simply slow the diffusion

of water vapor across the gradient of high concentration inside the pit to the low concentration

outside.

Until recently the only evidence that these glands actually secreted wax was the demonstration

of esterases in the pore canals, shown by the bromoindoxyl acetate method of staining, and broken

wax filaments at or near the pores seen in generally unsatisfactory whole mounts of the sensory pits

in glycerin (Evans, 1966). Examination of sensory pits with the scanning electron microscope did

not give satisfactory results because of charging of the poorly grounded wax; however, exposure

of untreated sensory pits to osmium tetroxide vapors (Pfefferkorn, 1970) for 72 hours prior to

coating with carbon and gold solved this problem.

Sensory pits treated in this manner were examined in an S4 Stereoscan, Scanning Electron

Microscope and photographed on Kodak Plus-X film. Eig. 2 shows the sensory pit with the wax

removed and Eig. 3 shows wax filaments extruded from the wax pores. These filaments, approximately

0.7 microns in diameter, extend for about 10-15 microns before uniting with other filaments or

groups of filaments. As seen in Eig. 1 the process of coalescence results in a tangled, fibrous mass of

wax with some pieces approximately 4.0 microns in diameter. Nevertheless, there appear to be

adequate spaces between the wax filaments to allow 2 to 4 micron wavelength radiation to pass

through from the outside to stimulate the sense organs. It is also possible that the wax itself transmits

these wavelengths, in which case the dimensions of the spaces are not important considerations.

I would like to thank George Braybrook for providing the photographs.
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Based on synapotypie eliaraeteristics of mouthparts and male genitalia, overall similarity

in structure and form, and geographieal proximity, the Middle Ameriean Cyrtolaus Bates

(type speeies C. furculifer Bates) and Ithytolus Bates (type speeies I. anomalus Bates -

Pterostichus orizabae Csiki) are treated as subgenera of a single genus, and are ineluded in a

new monobasie subtribe of Pterostiehini: Cyrtolaina. Five new speeies are described and

leetotypes are seleeted as required for the previously described ones. Range maps and illustra-

tions of habitus and male genitalia are provided. Included in Ithytolus is C. orizabae Csiki.

The subgenus Cyrtolaus ineludes eight speeies: C. lobipennis Bates; C. subiridescens new

speeies (type locality 6.6 mi. n. Pueblo Nuevo, Chiapas); C. brevispina new speeies (type

locality Yerba Buena Mission, 1.5 mi. n. Pueblo Nuevo, Chiapas); C. ntwtom new species

(type loeality 22.4 mi. s. Valle Naeional, Oaxaea); C. ricardo new speeies (type loeality Vol-

ean Tacand, near Union Juarez, Chiapas); C. spinicauda Bates; C. furculifer Bates; and C. gru-

mufer new speeies (type locality Yerba Buena Mission, 1.5 mi. n. Pueblo Nuevo, Chiapas).

The species inhabit montane forests. A reeonstrueted phytogeny is provided, with the sequence

of relationships indicated by the sequence of speeies names, as listed above. It is proposed

that the pattern of geographieal distribution and morphological differentiation is the result

of alternating periods of isolation in, and dispersals among the mountain systems of Guate-

mala and southern Mexieo.

En nous basant sur les caracteristiques synapotypiques des pieces bueales et les organes

genitaux males, sur les similarites generalles de la structure et de la forme, et la proximite

geographique, nous traitons comrne sous-genre d’un seul genre les Cyrtolaus to (espece

typique C. furculifer Bates) et les Ithytolus Bates (espece typique I. anomalus Bates = Ptero-

stichus orizabae Csiki), et nous les incluons dans une nouvelle sous-tribu rnonobasique des

Pterostiehini; Cyrtolaina. Nous avons decrit cinq nouvelles especes et nous avons seleetionne

des leetotypes pour les especes dejd decrites. Nous avons poiirvu pour ehaque espece des cartes

de distribution, et nous avons illustre les organes genitaux males de meme qu’un dessin general

de Tespeee. L ’Ithytolus ne comprend qu’une seule espece; C. orizabae. Le sous-genre Cyrtolaus

est compose de huit espeees: C. lobipennis Bates; C. subiridescens n. sp. (loealite type 6. 6 mi.

n. Pueblo Nuevo, Chiapas); C. brevispina n. sp. (loealite type Yerba Buena Mission, 1.5 mi.n.

Pueblo Nuevo, Chiapas); C. newtoni n. sp. (loealite type 22.4 mi. s. Valle Naeional, Oaxaca);

C. ricardo n. sp. (loealite type Volean Taeand, pres d’Union Juarez, Chiapas); C. spinicauda

Bates; C. furculifer .Suto; et C. grumufer n. sp. (loealite type Yerba Buena Mission, 1.5 mi. n.

Pueblo Nuevo, Chiapas). Les especes vivent dans les forets montagneuses. Nous avons pourvu



592 Whitehead and Ball

line phylogenie reconstriiite, avec la sequence des relations dans le rneme ordre qiie la liste

ci-dessus. Nous proposons que le patron de distribution geographique et de differentiation

morpliologique est le resultat d ’alternation de pNiodes d’isolation a Vinterieiir et de pNiodes

de dispersion entre les systNnes niontagneux du Guatemala et du sud du Mexique.

Within the highly diverse and divergent carabid fauna of the Middle American Highlands

the genus Cyrtolaus stands out both because of the distinctive and aesthetically appealing

form of its members, and because of the uncertainties surrounding its origin and relationships.

Together, we first encountered the genus near Pueblo Nuevo, Chiapas, on a hot, sunny day

in August, 1965, when we took the only two specimens we saw of this group during a year

of collecting in Mexico. We were impressed both by the peculiar appearance of these specimens,

and by the seeming rarity of the genus to which they belonged. Subsequent study of type

material in London and Paris exposed several interesting facts, the least important of which

was that our specimens represented an undescribed species.

On subsequent trips, additional specimens were collected in the Pueblo Nuevo area, on the

slopes of Volcan Tacana, near the Pacific Coast and the southern border of Mexico, and in the

Cuchumatanes Mountains of Guatemala. We also received important material from other per-

sons. This provided sufficient material and the impetus for us to attempt an initial essay about

Cyrtolaus including keys, descriptions and illustrations, and a classification based on what we

believe to be its phylogenetic history. To locate the position of the genus within the Pterosti-

chini, an important component of this study, we have had to review in a cursory fashion the

classification of some of the major American elements of the tribe.

MATERIAL AND METHODS

Material. - This study is based on 70 adult beetles, including types of the four species

previously described. Also, specimens were studied of all other pterostichine genera known

from Middle America. In the text, museums and collections from which specimens were bor-

rowed or in which types have been deposited are indicated by the following abbreviations:

BMNH British Museum (Natural History), London, England;

CAS California Academy of Sciences, San Francisco, California;

CNC Canadian National Collection, Biosystematics Research Institute,

Agriculture Canada, Ottawa, Ontario;

FMNH Field Museum of Natural History, Chicago, Illinois;

IPNM Instituto Politecnico Nacional de Mexico, Mexico, D.F.

MCZ Museum of Comparative Zoology, Harvard University,

Cambridge, Massachusetts;

MNHP Museum National d’Histoire Naturelle, Paris, France;

UASM Strickland Museum, Department of Entomology,

University of Alberta, Edmonton, Canada;

USNM National Museum of Natural History, Washington, D.C.

Methods. — In general, these are the same as described by us in previous works (Ball and

Negre, 1972; Whitehead, 1972), including our notions about definitions of species and higher

taxa.

The following measurements were made because they seem to be useful in recognizing and

studying affinities of the species. They were made with an ocular micrometer scale, in a

binocular microscope.
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The term “standardized body length” (SBL) in the descriptions is the sum of three measure-

ments: length of head, measured on the left side from base of mandible to posterior margin

of compound eye; length of pronotum along mid-line (P 1); and length of longer elytron from

transverse basal line to apex (E 1).

Additional measurements taken and used to form ratios are; M 1 - length of left mandible,

measured on dorsal surface from condyle to apex; Ant. art. 3 ^ length ( 1), measured from

basal to apical margin; width (w), maximum linear transverse distance. Ratios are the following:

M 1/P 1;P 1/E l;ant. art. 3: w/1.

Descriptions are summaries of characters of adult beetles which are useful in species recog-

nition. Character states shared by all or most of the species are listed in the description of the

genus, and are not repeated in species descriptions. Illustrations were prepared with the aid

of a camera lucida attached to a Wild M5 binocular microscope.

NOTES ABOUT STRUCTURE
/

A few details require some general explanation. Nomenclature of the parts of the mandibles

(Eig. 2) is based on a system devised by Ball (1959). Appearance of the elongate slender mandi-

bles with reduced teeth suggests that they might be used for reaching into confined spaces and

for holding prey rather than for shearing. The reduced number and length of hairs associated

with the ventral grooves also suggests a function for the mandibles different from that associated

with the more generalized type of structure. Knowledge of feeding habits of these beetles

would contribute much to understanding the function of the mandibles.

The endophallus of the male genitalia bears various sclerites and lobes. Because no general

system of nomenclature is available for structures associated with the endophallus of ptero-

stichines, we have chosen to designate the terminal sclerite on the basis of its form (c-shaped),

to designate the spine-bearing sclerites by number, and to name one large lobe by its position-

the “ventral lobe”. See Figures 16 C and D for details. Descriptions are provided in conjunction

with descriptions of the taxa.

RELATIONSHIPS AND CLASSIFICATION OF CYRTOLAUS

Bates (1882) described Cyrtolaus as a genus of Agonini, distinguished by modified mouth-

parts, but otherwise with agonine habitus. His discovery of a well developed elytral plica that

crossed the epipleuron in a fourth species led him to erect the Ithy tolas, and he placed

it in the Pterostichini ( 1884). Because we regard Ithy tolas and Cyrtolaus as congeneric, we
must address first the question of the true relationships of this genus. This essay is of necessity

preliminary and imprecise, because we cannot at this time state sister group relationships

(Hennig, 1966).

Lindroth (1966) placed the Agonini and Pterostichini in one tribe, Pterostichini, represented

in the New World by the subtribes Pterostichi, Synuchi, Sphodri, and Agoni. Ball and Negre

(1972) treated the Synuchi, Sphodri, and Old World Pristosiae as a monophyletic stock.

(Mention was also made of the presumed sphodrine genera Prosphodras and Mexispliodras;

Whitehead (1973) transferred Mexispliodras to the Agonina, including it in the gQvm?, Platynas).

If these three subtribes form a monophyletic stock, then how is this stock related to the

Agonina and Pterostichina? Traditionally, the Agonina have been considered a phylogene-

tically derived group, and the Pterostichina have been regarded as a much older group. This idea

may be incorrect. Overall habitus or body plan of the Agonina is generalized, and is approximated

in diverse groups of other carabids: e.g., in various tribes of styliferous genera; in some of the

less derived Truncatipennes, such as the Tribe Perigonini (a placement suggested by T. L. Erwin

Qaaest. Ent. 1975, 11 (4)
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in Utt.)', and in the harpaline subtribe Bradycellina. In carabid beetles, the male genitalia are

rotated 90°; if the position is asymmetric, one would expect asymmetry to develop in struc-

ture, and it has done so in many carabid lineages; one would further expect the asymmetry

to be progressive, not regressive. In the Pterostichini, asymmetry in form of the median lobe

and especially of the parameres is slight in Agonina, more pronounced in Pterostichina, and

moderate to relatively extreme in Synuchina, Sphodrina and Pristosiina. Exceptions may be

expected, but in the direction of greater asymmetry, examples of which are the styloid right

paramere of Abacidus (see Lindroth, 1966: 536), Percolaus (T. L. Erwin, in lift.), Refonia

and Feronina, all members of the Pterostichina. Also, the presence of distal setae on the para-

meres, known in the genera Sericoda and Elliptoleiis (Whitehead, 1973) of the Agonina, but

not in other Pterostichini, is more likely an ancestral condition than a secondarily derived

one. These conclusions suggest that the Agonina may be more closely related to the Pterosti-

china rather than to other groups of Pterostichini, and form the basis for a partial resolution

of the dilemma faced by Bates concerning relationships of Cyrtoiaus and Ithytolus.

In a study of Mexican Platynus (Whitehead, 1973), Cyrtoiaus was treated as a genus of

Agonina. We subsequently found that the male genitalia of Cyrtoiaus have undergone a reversal

in symmetry and lie on the left side rather than the right as in most Pterostichini, and that

the left paramere of Cyrtoiaus is small and slender as typical of the right paramere of most

Pterostichina. The only other pterostichine genera with reversed symmetry are Calathus

(subgenus Tachalus) and Pristosia, both with tire left paramere styloid (Ball and Negre, 1972).

Other characters that may bear on the phylogenetic placement of Cyrtoiaus concern the

supraorbital setae of the head, form of tarsal article 4, ventral adhesive vestiture of the male

front tarsus, form of the elytral plica, number and position of anal setae, and structures of

the male endophallus.

The number of supraorbital setae in carabids is in most groups constant and is important

in diagnoses of many of the higher carabid tribes. In the Pterostichini, there normally are two

pairs. No exceptions are known in the Synuchina or Sphodrina. In the Pterostichina, at least

in the New World, only one species, Pterostichus ( Gastrellarius) honestus, has only one pair

of supraorbital setae. In the Agonina, however, various Old and New World tropical species

of Platynus and “Colpodes” have but one pair (Darlington, 1952; Whitehead, 1973). Against

this background, the fact that some species of Cyrtoiaus have one pair of supraorbital setae—

a derived character state-suggests a character instability of phylogenetic significance: perhaps

Cyrtoiaus and Platynus share a stem relationship.

The characteristic “article 4 of tarsus bilobed” is shared by members of Cyrtoiaus and many

tropical members of the subtribe Agonina. As above, this is probably not synapotypy, but the

ability to develop this character may be indicative of relationship.

Absence of adhesive vestiture from the ventral surfaces of the front tarsi of males is unusual

among both Pterostichina and Agonina. However, males of Percolaus charnpioni Bates are with-

out vestiture, and the front tarsomeres are as narrow as are the tarsomeres of the middle and

hind legs.

Among the Pterostichina, the elytral epipleura are crossed by a plica that is visible externally,

while in the Agonina they are not. Exceptions in the Pterostichina are few, notably in some

species of Loxandrus and Pterostichus (subgenera Cryobius and Lyperopherus) and in the

genus Percolaus. In some species of Cyrtoiaus, the elytral epipleura are not crossed. As with

the supraorbital setae, this character instability may have some phylogenetic significance: it

suggests a placement of Cyrtoiaus near the base of the Pterostichina—but outside the Agonina.

Among both the Pterostichina and Agonina, the numbers of anal setae are usually two in

the males and four in the females. However, many species of tropical American Platynus exhibit

increased numbers: four among males and six to eight among females. This is also true of the
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members of Cyrtolaus, and again, the ability to develop this character state may be indicative

of relationship.

The male endophallus in many species of the agonine genera Platynus and Onypterygia is

elongate, armed with one or more basal and median spinose sclerites—probably a plesiotypic

character state. Similar sclerites are developed in Cyrtolaus, and not in other pterostichoids.

Presence of these sclerites is regarded as apotypic in Cyrtolaus, and hence they are regarded

as having developed in parallel with similar sclerites in the Agonina— another instance of

supposed relationship based on ability to develop a particular character state.

If we do not know the sister group of Cyrtolaus, where should we look for it? One possi-

bility implied in the above discussion is that all the rest of the Pterostichina together may
form the sister group. Another possibility is suggested by the evident great age of Cyrtolaus

(as suggested by T. L. Erwin in litt., the fused elytra of most of the species indicate both

antiquity and long-term residence in Central America): relationships may be with some Old

World, especially Oriental, groups, and may antedate continental drift. For the present, we

choose to exclude Cyrtolaus from both the Agonina and Pterostichina, and propose here a

new subtribe for its reception, the Cyrtolaina, defined below.

To round out this survey, we list here the subtribes of Pterostichini that we recognize for

the New World: Agonina; Lachnophorina; Cyrtolaina; Euchroina; Myadina; Stomina (one

Palaearctic genus, one species introduced into the New World); Pterostichina; Synuchina;

Sphodrina; Pristosiina; Antarctiina; and Cratocerina. Many of the South American genera

presently included in the Pterostichina will probably have to be removed to one or more

subtribes of their own. With Reichardt (1973: 323-326) we agree that Catapiesis Sober and

Homalomopha Brulle are not pterostichines, and must be placed in a tribe of their own.

THE SUBTRIBE CYRTOLAINA, NEW SUBTRIBE

Diagnostic combination. — Body bulky, cychroid, integument glabrous except few fixed

setae. Antennae with articles 1-3 glabrous, except single seta or apical ring of long setae.

Mouthparts (mandibles, maxillae and labial palpi) elongate (Figs. 2, 3 and 5); mandibles with

reduced teeth, molar absent, ventral groove (Fig. 2C) very shallow, with large punctures, each

puncture with very short setae; maxilla, article 2 thickened, basal article of galea much longer

than apical article (Fig. 3); labium, mentum with simple median tooth, and with pair of pores

posterior to mental setae. Prosternum, intercoxal process ridged at apex (“lipped”). Metathorax

reduced, metepisternum with anterior and lateral margins subequal in length. Tarsal articles

1-4 strigulose dorsally, article 4 bilobed, with outer lobe subequal in length to basal part of

article, and longer than inner lobe; article 5 smooth dorsally, asetose ventrally. Elytra fused

in mid-line, or not, striate, striae 2 and 3 joined at base, laterad of basal setigerous puncture.

Hind wings tiny stubs. Male genitalia, median lobe in repose on left side, left paramere reduced,

right paramere larger, conchoid. Endophallus with apical C-sclerite, as in Fig. 14A, with or

without spinose sclerites more basal in position.

This group contains the single genus Cyrtolaus Bates, confined, insofar as known, to wet

tropical mountain forests of Guatemala and Mexico.

Genus Cyrtolaus Bates, 1 882

The taxa of Pterostichini with which members of Cyrtolaus might be confused, or which

have brachypterous members within the geographical range of this genus are subgenus

Platynella Casey (genus Platynus), Percolaus Bates, Dyschronms Chaudoir, and subgenus

Allotriopus Bates (genus Pterosticlius). The subgenus Platynella shares with Cyrtolaus

Quaest. Ent 1975, 11 (4)
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strigulose tarsomeres 1-4, but members of the two groups are readily distinguished from one

another by differences in form of the prosternal intercoxal process (lipped in Cyrtolaus, flat

in Platynella), in form of the maxillary palpus (article 2 swollen, relatively short in Cyrtolaus

(Fig. 3), in Platynella not swollen and relatively longer), and in form of mental tooth (apex

not shallowly notched in Cyrtolaus, notched in Platynella). Strigulose tarsomeres, simple

mental tooth, short thick article 2 of the maxillary palpus and lipped intercoxal process

separate members of Cyrtolaus from those of Pereolaus, Evarthrus, and subgenera

and Ophryogaster. The members of Dyschromus are readily distinguished by metallic color

of the dorsal surface, flat prosternal intercoxal process, securiform terminal articles of labial

palpi, and tarsomere 5 with ventro-lateral setae.

Description. - Form cychioid (Fig. 6A-13A). Standardized body length 9.0-15.0 mm.

Color. Body black. Mandibles infuscated. Remaining mouthparts, antennae and legs rufous.

Microsculpture. Head, dorsum, microsculpture meshes small, isodiametric, lines fine; ventral surface, meshes transverse,

lines fine to obsolescent. Pronotum, meshes transverse, narrow, lines finer than on dorsum of head. Thoracic sterna and pleura,

meshes transverse, narrow, generally wider than pronotal meshes. Elytra, meshes isodiametric or transverse. Abdominal sterna,

meshes transverse medially, approximately isodiametric laterally.

Luster. Body generally shining, with pronotum faintly iridescent; elytra iridescent or not.

Head. Supraorbital setae 1 or 2 pairs. Dorsum with elongate, narrow frontal impressions. Clypeus with single pair setae.

Eyes small, tempora slightly swoUen. Antennae average, articles 1-4 without covering of short setae.

Mouthparts. Labrum (Fig. 1) approximately rectangular, anterior margin shallowly concave, dorsal setae remote from

anterior margin, lateral pair longer than medial pair. Mandibles (Fig. 2) elongate, terebrae slender; left mandible (Fig. 2A, 2C)

with terebral margin laterad of retinacular ridge, latter cutting edge; terebral tooth small, in basal third; posterior retinacular

tooth small, ventraUy represented by short ridge; premolar tooth small, premolar margin glabrous; ventral groove (Fig. 2C)

very shaUow, with series of punctures, each with one or more short setae. Right mandible (Fig. 2B, 2D) like left, but differing

in detail- cutting edge, terebral margin, terebral tooth larger, retinacular tooth better developed dorsally, less developed

ventrally. Maxillae elongate (Fig. 3) generally as in average pterostichines; stipes and palpifer each with lateral seta; galea

with first article about 4 times longer than terminal article; maxillary palpus with article 2 thickened, article 3 elongate.

Labium with submentum quadrisetose; mentum (Eig. 4) with anterior margin shallowly concave, lateral lobes acute apically,

median tooth simple, prominent; epilobes well developed; ventral surface with seta and small pore each side of mid-line;

Ugula (Fig. 5) broad, apical margin bisetose, emarginate apically; paraglossae (Fig. 5) each narrow membranous lobe; labial

palpus (Fig. 5) with articles 2 and 3 elongate, article 2 bisetose.

Thorax. Pronotum various in form, wider than long; anterior margin truncate to slightly excised; posterior margin

truncate to bi- or tri-sinuate; lateral margins rounded, sinuate or not posteriorly; anterior angles narrowly rounded, slightly

projected anteriorly or not; posterior angles broadly rounded to acute. Disc slightly convex, postero-laterally more sharply

declivous than antero-laterally; sides more or less explanate and elevated posteriorly; median longitudinal and posterior

transverse impressions clearly indicated, anterior transverse impression shallow, faintly indicated; lateral grooves distinct;

posterior-lateral impressions linear, deep posteriorly, extended forward each side mediad of lateral grooves. Prosternum

with apex of intercoxal process with prominent ridge ventrally (“lipped”)- Metathorax reduced, metepisternum with lateral

and anterior margins subequal in length.

Hind wings. Reduced to stubs subequal in length to metatergum.

Legs. As in Fig. 6A-13A, average for Pterostichini. Hind femur without preapical setae. Tarsi with articles flattened

dorsally, articles 1-4 strigulose dorsaUy, article 5 with dorsum smooth, ventrally without setae; article 4 distinctly, asymmetri-

cally lobed, outer lobe at least as long as basal part of article; fore tarsus of male not or very narrowly expanded, without

adhesive vestiture ventrally, or with vestiture confined to articles 1 and 2.

Elytra. As in Fig. 6A-13A, elongate, fused in mid-line or not. Humeri more or less constricted, lateral margins more or

less rounded, slightly to markedly sinuate postero-laterally; apex more or less distinctly spined; more or less markedly convex,

distinctly vaulted in some species (Fig. 6B-13B); basal ridge sinuate, extended from humeral angle to scutellum. Striae

moderately deep, finely or coarsely punctate; striae 1 and 2 joined at base, laterad of basal setigerous puncture. Intervals

slightly convex to costate; interval 3 with single setigerous puncture near middle.

Abdomen. Anal setae 2 or 4 in male. 4 or 6-8 in females.

Male genitalia. Median lobe as in Fig. 14A, on right side in repose; sclerotized completely ventrally, dorsally sclerotization

extended from base to apical half; apical orifice dorsal in position; apical portion short and narrow (Fig. 14B) to broad and

moderately elongate (Fig. 20B). Parameres pterostichoid, right one larger than left. Endophallus membranous with apical

curved sclerite (c-sclerite) and with or without spinose sclerites 1-3, and with or without ventral membranous lobe distally

(Fig. 16C, D to 20C).

Ovipositor and female genitalia. Not studied in detail.

Notes on habitat. - All specimens for which we have data were collected on the ground

or in logs in mountain forests, at elevations in excess of 5000 feet above sea level. The forests
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Fig. 1-5. Mouthparts of Cyrtolaus ricardo, new species (Volcan Tacana', Chiapas). Fig. 1. Labrum, dorsal aspect. Fig. 2.

Mandibles: A and B, left and right, respectively, tm - terebral margin, rr - retinacular ridge, tt - terebral tooth, prt - posterior

retinacular tooth, pm - premolar area; C and D, ventral aspect, left and right, respectively, vg - ventral groove, other abbre-

viations as for dorsal aspect. Fig. 3. left maxilla, ventral aspect. Fig. 4. mentum, ventral aspect. Fig. 5. prementum and palpi,

ventral aspect.
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were of several different types: wet, sweet gum—pine—oak; tropical montane forest; or tropical

cloud forest (the tropical mountain forest occurring above at least the lower part of the coni-

fer zone).

Geographical distribution. — The species are known from southern Mexico and Guatemala

(Fig. 22 and 23).

Classification. - The nine species included in this genus are distributed between two

subgenera: Ithytoliis and Cyrtolaiis (sensu stricto).

Key to the subgenera and species of Cyrtolaiis Bates

1 Pronotum with anterior marginal bead complete, posterior lateral setae near hind

angles; elytron with plica well developed, epipleuron interrupted (“crossed”),

striae impunctate; anal setae 2 in male, 4 in female Suhgtnus Ithytolus

Bates C. orizabae (Bates), p. 600

r

2 ( 1 )

2
’

3 (2)

3’

4 (3)

4’

5 (4)

5’

6 (5)

6
’

7 (6’)

r

8 (7’)

8
’

Pronotum without anterior marginal bead, posterior lateral setae distinctly anterad

of hind angles; elytral epipleuron interrupted or not, striae punctate; anal setae 4

in male, 6 to 8 in female Subgenus Cyrtolaiis 2

Elytron with epipleuron interrupted, striae distinctly punctate at apex only;

labrum with four marginal setae C. lobipennis Bates, p. 607

Elytral epipleuron not interrupted, plica on ventral surface of elytron, only;

striae distinctly punctate throughout their length 3

Elytron with microsculpture of dense transverse lines, luster faintly iridescent; striae

grossly punctate, intervals carinate; apex spined or not

C. siibiridescens, new species, p. 607

Elytron with microsculpture isodiametric, apex spined 4

Elytron with interval 2 swollen apically; head with single pair of supraorbital

setae 5

Elytron with interval 2 not swollen and raised apically; supraorbital setae 4 (2 pairs)

or 3 6

Elytron with interval 3 strongly raised apically; disc of pronotum with microsculp-

ture normal, surface shining, without sericeous luster . .C furculifer Bates, p. 611

Elytral interval 3 not raised apically; disc of pronotum with lines of microsculpture

dense, surface with sericeous luster C grumiifer, new species, p. 612

Pronotum with anterior angles produced (Eig. 9A), hind angles rounded, lobate;

elytra strongly vaulted (Fig. 9B), striae grossly punctate

C spinicauda Bates, p. 610

Pronotum with anterior angles not produced, elytra not vaulted (Fig. lOB, 1 IB),

striae finely punctate 7

Elytron with apical spine long (Fig. lOA), apical declivity gradual (Fig. lOB) ....

C. ricardo, new species, p. 609

Elytron with apical spine short (Fig. lOD, 1 lA), apical declivity gradual or abrupt

(Fig. 1 IB) 8

Pronotum with posterior angles acute, striae of elytra very obscurely punctate anter-

iorly, apical declivity more gradually sloped . . . . C. newtoni, new species, p. 609

Pronotum with posterior angles rectangular, striae distinctly punctate anteriorly,

slope of apical declivity more abrupt C brcvispina, new species, p. 608

Subgenus Ithytoliis Bates, 1 884

Ithytolus Bates, 1884; 278. Species originally included: /. anornahis Bates, 1884, and Cyrtolaus
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lobipennis Bates, 1882. TYPE SPECIES (here designated); Ithytolus anomalus Bates,

1884: 278.

Pterostichus (Ithytolus)-, Csiki, 1930: 585.

The character states indicated in the key plus details of structure of elytra and male geni-

talia presented below, in the description of the single included species, are sufficient to dis--

tinguish Ithytolus from Cyrtolaus (sensu s trie to).

Geographical distribution. - This group is known only from Orizaba, Veracruz (Eig. 22).

Table 1. Data on Variation in Standardized Body Length (SBL) (in mm) among the Species

of Cyrtolaus Bates.

Species Name N
Males

Range Mean N
Eemales
Range Mean

C orizabae 2 9.0- 9.7 9.35

C. lobipennis

C. subiridescens

1 11.8

Pueblo Nuevo 2 10.7- 11.3 11.00 2 10.5 - 10.6 10.55

, Tenejapa 3 10.7- 11.4 10.90 5 10.6- 11.3 10.96

Cuchumat. Mts. 7 10.5- 11.3 10.98 7 10.6- 11.6 11.06

C. spinicauda 1 11.5 1 12.4

C newtoni 1 9.8

C. ricardo 15 10.3- 11.9 10.91 6 10.9- 11.6 11.15

C. brevispina

C. furculifer

1 12.8

3 11.6- 13.3 12.27

C. grwnufer 4 13.5- 15.0 14.00 2 13.0- 14.3 13.65

Table 2. Data on Variation in the Ratio M 1/P 1 among the Species of Cyrtolaus Bates.

Males Eemales

Species Name N Range Mean N Range Mean

C orizabae 2 0.54-0.60 0.57

C. lobipennis

C. subiridescens

1 0.67

Pueblo Nuevo 2 0.61 -0.66 0.64 2 0.68-0.71 0.70

Tenejapa 3 0.60-0.67 0.64 5 0.65-0.69 0.67

Cuchumat. Mts. 7 0.66-0.71 0.69 7 0.69-0.71 0.70

C. spinicauda 1 0.68 1 0.68

C. newtoni 1 0.60

C. ricardo 15 0.63-0.73 0.69 6 0.64-0.72 0.69

C. brevispina

C. furculifer

1 0.61

3 0.58-0.64 0.60

C. grumufer 4 0.56-0.58 0.57 9 0.55 - 0.60 0.58
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Table 3. Data on Variation in the Ratio P 1/E 1 among the Species of Cyrtolaus Bates.

Males Eemales

Species Name N Range Mean N Range Mean

C orizabae 2 0.45 - 0.47 0.46

C. lobipennis

C subiridescens

1 0.44

Pueblo Nuevo 2 0.44 0.44 2 0.42 0.42

Tenejapa 3 0.43 - 0.46 0.45 5 0.41 -0.42 0.416

Cuchumat. Mts. 7 0.36-0.42 0.39 7 0.37-0.40 0.39

C spinicauda 2 0.43 1 0.39

C newtoni 1 0.45

C ricardo 15 0.38-0.43 0.40 6 0.38-0.41 0.40

C brevispina

C furculifer

1 0.46

3 0.41 -0.43 0.42

C grum lifer 4 0.46-0.51 0.48 2 0.48 0.48

Table 4. Data on Variation in the Ratio Ant. Art. 3 w/1 among the Species of Cyrtolaus Bates.

Males Females

Species Name N Range Mean N Range Mean

C. orizabae 2 0.41 -0.47 0.44

C lobipennis

C. subiridescens

1 0.45

Pueblo Nuevo 2 0.29 0.29 0 0.32-0.33 0.325

Tenejapa 3 0.28-0.32 0.29 5 0.29-0.33 0.31

Cuchumat. Mts. 7 0.24-0.35 0.31 7 0.37-0.40 0.39

C. spinicauda

C newtoni

1 0.28

1 0.37

C. ricardo 15 0.26-0.32 0.30 6 0.29-0.32 0.30

C. brevispina

C furculifer

1 0.38

3 0.20-0.32 0.31

C grum lifer 4 0.30-0.36 0.33 2 0.32 0.32

Cyrtolaus (Ithytolus) orizabae (Csiki, 1930)

Ithytolus anomalus Bates, 1884: 278. LECTOTYPE male (here selected), labelled: Orizaba

[handwritten]
;
H. W. Bates Biol. Cent. Amer; Ithytolus anomalus Bates [handwritten]

;

LECTOTYPE [red paper]
;
(MNHP). PARALECTOTYPE male, labelled: Type H.T. [circle,

bordered in red]
;
Mexico Salle Coll.; Sp. figured; BCA Col. I. 1. Ithytolus anomalus Bates;

Ithytolus anomalus Bates [handwritten] (BMNH). TYPE LOCALITY: Orizaba, Veracruz.

Pterostichus (Ithytolus) orizabae Csiki, 1930: 585. New combination and new name for Ptero-

stichiis (Ithytolus) anomalus Bates, 1884, not R (Ophryogas ter) anomalus Chaudoir, 1878.

TYPE LOCALITY. - Orizaba, Mexico.

Note on synonymy. — When this species was transferred to Pterostichus, Csiki renamed it
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Imm

Fig. 6. Cyrtolaus orizabae Csiki (Orizaba, Veracruz, MNHP); A, male, dorsal surface; B, left elytron, lateral aspect. Fig. 7.

Cyrtolaus lobipennis Bates (San Geronimo, Guatemala, BMNH); A, male, dorsal aspect; B, left elytron, lateral aspect.

Fig. 8. Cyrtolaus subiridescens, new species (6.6 mi. n. Pueblo Nuevo, Chiapas, USNM); A, male, dorsal aspect; B, left elytron,

lateral aspect. Fig. 9. Cyrtolaus spinicauda Bates (59.5 kil. s. Coban, Guatemala, USNM); A, dorsal aspect; B, left elytron,

lateral aspect.
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1mm
^

1mm,

Fig. 10. Cyrtolaus ricardo, new species (Volcan Tacana, Chiapas, USNM); A, male, dorsal aspect; B, left elytron, lateral aspect.

Fig. IOC and D. Cyrtolaus newtoni, new species; C, pronotum, dorsal aspect; D, elytral apices, dorsal aspect. Fig. 11. Cyrtolaus

brevispina, new species (Yerba Buena Mission, 1.5 mi. n. Pueblo Nuevo, Chiapas, USNM); A, male, dorsal aspect; B, left elytron

lateral aspect. Fig. 12. Cyrtolaus furculifer Bates (Barranca Providencia, Volcan Tacana, Union Juarez, Chiapas, UASM);

A, female, dorsal aspect; B, left elytron, lateral aspect. Fig. 13. Cyrtolaus grumufer, new species (Yerba Buena Mission, 1.5 mi.

n. Pueblo Nuevo, Chiapas, USNM); A, male, dorsal aspect; B, left elytron, lateral aspect.
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Fig. 14-18. Male genitalia. Fig. 14. Cyrtolaus orizahae Csiki; A, median lobe, right lateral aspect; B, median lobe, apical portion,

dorsal aspect. Fig. 15. Cyrtolaus lobipeimis Bates: A, median lobe, apical half, right lateral aspect; B, median lobe, apical half, dor-

sal aspect. Fig. 16. Cyrtolaus subiridescens, new species: A, median lobe, apical half, right lateral aspect; B, median lobe, apical

half, dorsal aspect; C, endophallus everted, left lateral aspect; D, endophallus everted, right lateral aspect; C - scl. - C-sclerite; 1

,

2 and 3 - spinous sclerites 1, 2 and 3, respectively; V. 1. - ventral lobe. Fig. 17. Cyrtolaus spinicauda Bates (Purula, Guatemala,

BMNH); A, median lobe, apical half, right lateral aspect; B, median lobe, apical half, dorsal aspect; 2, 3-spinous sclerites 2 and 3,

respectively. Fig. 18. Cyrtolaus ricardo, new species: A, median lobe, apical half, right lateral aspect; B, median lobe, apical half,

dorsal aspect; C, endophallus everted, left lateral aspect; B, endophallus everted, right lateral aspect; lettering as for Fig. 16C and D.
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Fig. 19. Cyrtolaus brevispina, new species: A, median lobe apical half, right lateral aspect; B, median lobe, apical half, dorsal

aspect; C and D, endophallus everted, left and right aspects, respectively ; lettering as for Fig. 16C and D. Fig. 20. Cyrtolaus

grumufer, new species: A, median lobe, apical 3/4, right lateral aspect; B, median lobe, apical 1/3 dorsal aspect; C, endophallus,

everted, right lateral aspect; symbols as for Fig. 16C and D.
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Fig. 21. Cyrtolaus furculifer Bates (Cerro Zunil, Guatemala): A, median lobe, left lateral aspect; B, median lobe, apical half,

dorsal aspect; C, endophaUus everted, right lateral aspect.

because P. anomaliis Bates, 1884 became a secondary junior homonym of P. anomahis Chaudoir,

1878. Transfer of the Bates species from PterosticJius to Cyrtolaus eliminates the homonymy.

Had the replacement name/*, orizabae Csiki been proposed after 1960, it would be necessary

to revert to the epithet anomalus for the Bates species (International Code of Zoological No-

menclature, Article 59 (c), 1964). However, as the former name was proposed prior to 1960,

it is retained as the specific epithet for this species.

Diagnostic characteristics are presented in the key and in the subgeneric characterization.

Description. - Form as in Fig. 6A. Size small for genus. Antennal and tarsal articles short. For data on standardized body

length, and ratios M 1/P 1, P 1/E 1, and Ant. Art. 3 w/1, see Tables 1 to 4. For data on variation in the relationship between

SBL and M 1/P 1, see Fig. 24.

Microsculpture meshes fine, those of elytra isodiametric. Dorsal surface shining. Supraorbital setigerous punctures two

pairs.

Pronotum as in Fig. 6 A, anterior margin beaded, hind angles acute. Fore tarsus of male not expanded, without adhesive

vestiture. Elytra dehiscent, form as in Fig. 6A and B, moderately vaulted; lateral margin moderately sinuate preapically.

Humerus with small tooth; plica visible laterally, epipleuron interrupted; intervals slightly convex.

Male genitaha with median lobe as in Fig. 14A and B; apical portion not sinuate (lateral aspect), short narrowly rounded

(dorsal aspect). EndophaUus with C-sclerite, only.

Geographical affinities. - The range of C. orizabae is isolated from that of all other species,

of the genus.

Quaest. Ent. 1975, 1 1 (4)
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22

Fig. 22. Map of southern portions of Mexico and Guatemala, illustrating generalized ranges of subgenera of Cyrtolaus Bates.

Fig. 23. Map of southern Mexico and Guatemala, illustrating positions of localities for the species of subgenus Cyrtolaus.

Relationships. — This species is closest to C iobipennis Bates, although many of the shared

character states are probably the result of parallelism or convergence.

Material examined. - The type specimens, only, both collected near Orizaba, Veracruz.

Subgenus Cyrtolaus (sensu s trie to)

Cyrtolaus Bates, 1882: 99. Species originally included: C fureulifer Bates, 1882, C spinieauda

Bates, 1882, and C. Iobipennis Bates, 1882. TYPE SPECIES: C. fureulifer Bates, 1882, (sub-

sequent designation, by Kirby, 1883:32). -Csiki, 1931: 766. Whitehead, 1973: 175.

In addition to characteristics presented in the key, this group is distinguished from Ithytolus

by the elytra being fused, not dehiscent, by a tendency for the pronotum to increase dispropor-

tionately in length as size increases (Fig. 24), and by generally larger size of its members (Table 1).
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Except for the members of C lobipennis Bates, the species of Cyrtolaus (seusii stricto) exhi-

bit the following features in common: internal plica not interrupting the elytral epipleuron,

not visible laterally, confined to ventral surface of the elytron; antennal (Table 4) and tarsal

articles more elongate; males with articles 1 and 2 ventrally with adhesive vestiture; internal

sac with spinose sclerites.

Geographical distribution. - The 8 species included in this subgenus are known only from

the Guatemalan, Chiapan, and Oaxacan Highlands (Fig. 22 and 23).

Cyrtolaus (sensu stricto) lobipennis Bates, 1882

Cyrtolaus lobipennis Bates, 1882: 100. HOLOTYPE Male, labelled: TYPE H.T. [circular label,

ringed in red]
;
Santa Cruz [handwritten]

;
S. Geronimo Guatemala Champion; BCA Col. I.

1. Ithytolus lobipennis Bates; Cyrtolaus lobipennis Bates [handwritten]
.
(BMNH). TYPE

EOCALITY: San Geronimo, Guatemala.

Ithytolus lobipennis^B'dXts,, 1884: 278.

Pterostichus lobipennis-, Csiki, 1930: 585.

In addition to the character states presented in the key, members of this species are distinguished

by relatively short antennae and tarsi, and by the pronotum with sides not sinuate posteriorly,

not broadly rounded, and base relatively broad. Males are distinguished from those of the other

species of this subgenus by lack of adhesive vestiture on the ventral surfaces of fore tarsal articles

1 and 2, and by lack of spinose sclerites from the internal sac of the male genitalia.

Description. - Body form as in Fig. 7A. Size large for genus, antennae and tarsi relatively short. For data on standardized

body length, and ratios M 1/P 1, P 1/E 1, and Ant. Art. 3 w/1, see Tables 1 to 4. For data on variation in the relationship between

SBL and M 1/P 1, see Fig. 24.

Microsculpture of elytra with meshes indistinct, markedly transverse. Supraorbital setigerous punctures 2 parrs; labrum with

four marginal setae. Pronotum as in Fig. 7A; anterior margin truncate; hind angles acute; base broad, sides rounded, not sinuate.

Male front tarsus not expanded, without adhesive vestiture ventrally. Elytra as in Eig. 7A, not vaulted (Fig. 7B); lateral margin

sinuate preapically, apical angles rounded, without spines; striae distinctly punctate apicaUy, indistinctly so anteriorly.

Male genitalia with median lobe (Fig. 15A) in lateral aspect with apical portion short and bent ventrally rather markedly,

in dorsal aspect slightly sinuate on left side (Fig. 15B). Endophallus with C-sclerite, only.

Geographical affinities. — This species seems to be sympatric with C. spinicauda. Specimens

of both bear the same information on their respective locality labels (Fig. 23).

Relationships. — This species shares with C. orizabae a number of features suggesting at first

a close relationship between the two species. Most of these, however, are judged to be symple-

siotypic, and thus not indicative of close relationship. For details, see the section on phylogeny,

below. Probably C. lobipennis is near the ancestor of the subgenus Cyrtolaus, as suggested by

possession of plesiotypic conditions for development of the elytral plica and male genitalia.

Material examined. — The type specimen, only.

Cyrtolaus (sensu stricto) subiridescens, new species

The slightly iridescent, slightly vaulted elytra, without or with weakly developed apical

spines distinguish specimens of this species from other members of subgenus Cyrtolaus having

uninterrupted elytral epipleura. Males are distinguished by the short narrow apical portion of

the median lobe (Fig. 16A, B; cf. Fig. 17A, B and 18A, B).

Description. - Fonu as in Fig. 8A. Size moderate for genus, antennae and tarsi relatively long. For data on standardized

body length, and ratios M 1/P 1, P 1/E 1, and Ant. Art. 3 w/1, see Tables 1 to 4. Eor data on variation in the relationship

between SBL and M 1/P 1, see Fig. 24.

Microsculpture meshes of elytra, dense, transverse. Surface shining, elytra faintly iridescent. Supraorbital setigerous punctures

2 pairs. Pronotum as in Fig. 8A; anterior margin subtnincate, hind angles rounded, sides elevated posteriorly. Male with

adhesive vestiture ventrally on tarsomeres 1 and 2. Elytra as in Eig. 8A, moderately vaulted (Fig. 8B). Humeri not toothed.

Margin with slight preapical sinuation. Apex rounded, or with small blunt projection.

Quaest. Ent. 1975, 1 1 (4)
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Male genitalia with median lobe as in Fig. 16A and B, apical portion abruptly constricted (lateral aspect), short, narrowly

rounded (dorsal aspect). Endophallus with apical C-sclerite, spinous sclerites 2 and 3 dorso-basal in position, and spinous

sclerite 1 and ventral lobe well-developed (Fig. 16C and D).

Type material. - Holotype male, labelled: Mex. Chiapas 6.6 mi. n. Pueblo Nuevo 5600',
1

George E. Ball, D.R. Whitehead. Paratypes, 11 males, 14 females, labelled: 1 female (allotype)
'

same as holotype; male, female, Mex. Chiapas, Yerba Buena Hosp., 1.5 mi. n. Pueblo Nuevo
j

7200', cloud forest, June 21, 1972, P.A. Meyer, G.E. Ball; male, female, Mex. Chiapas 3.5 mi.

n.e. Tenejapa, ca. 30 mi. e.n.e. Tuxtla Gutierrez, 92°22', 16°50', under logs, damp shaded ravine,

7000' XII. 30.72, H. Frania; 2 males, 4 females, Mex. Chiapas, w. Tenejapa, ca. 30 mi. e.n.e. j

Tuxtla Gutierrez, 92° 22', 16° 50', under rotting planks in damp, deep sink, 7000', XII. 27. 72,

H. Frania; 2 males, Guatemala, Dpto. Huehuetenango, Cuchumatanes Mts., Rte. 9N, 3 mi. e.
j

San Mateo Ixtatan, 2430 m, Vlll.9.74, H.F. Frania, D.R. Whitehead, G.E. Ball; male, 4 females,
|

generally as for preceding specimens, but specifically 7.6 mi. w. Santa Eulalia, 2870 m, VIII. 10.74; I

4 males, 3 females, generally as for preceding specimens, but specifically 4.8 mi. s. San Juan '

Ixcoy, 2780 m, VIII. 11.74.

Disposition of type material. — The holotype and allotype are in the collections of the USNM.
The other specimens are in the following institutions: BMNH; CAS; CNC; IPNM; MNHP; and

UASM.
;

Derivation of specific epithet. — From Latin, sub (under, less than), and iridescens (iridescent),

in allusion to the faint iridescent sheen exhibited by the elytra.

Notes on habitat. — Specimens of this species were collected in tropical cloud forest, either

on the ground under logs, or under bark of dead hardwood trees, at elevations from 5600 to

9300 feet.

Geographical affinities. - At Yerba Buena, the single specimen of C. brevispina was collected

at the same time and in the same general area as were specimens of C. subiridescens. Thus these

two must be regarded as sympatric, at least in this area. They are also parapatric with C. grumufer,

specimens of which were collected down-slope at 6000 and 5100', in wet oak-pine-sweet gum
forest.

Relationships. — The characteristics of this species suggest that it is the most primitive of

those whose members possess an uninterrupted elytral epipleuron. Thus, it stands as the sister

species to the stock that gave rise to the more derived species.

Geographical distribution. — The range of this species is the Central Highlands of Chiapas

(Fig. 23), and the adjacent Cuchumatanes Mountains of Guatemala.

Material examined. — 26 specimens, all in the type series.

Cyrtolaus (sensu stricto) brevispina, new species

The single known specimen of this species resembles in appearance specimens of C. furculifer,

C. newtoni and C. ricardo (Fig. 1 lA; cf. Fig. lOA and 12A), but is readily distinguished from

these by characteristics given in the key.

Description. - Form as in Fig. 11 A. Size larger than average for genus. Antennae and tarsi elongate. For data on standardized

body length, and ratios M 1/P 1, P 1/E 1, and Ant. Art. 3 w/1, see Tables 1 to 4. Variation in the relationship between SBL and

M 1/P 1 is presented in Fig. 24.

Microsculpture of elytra with meshes isodiametric. Dorsal surface shining. Supraorbital setigerous punctures 1 on left side,

2 on right side. Pronotum as in Fig. 11 A, anterior margin very shallowly incised, posterior margin angularly incised, pronouncedly;

sides arcuate, explanate and elevated slightly, more so posteriorly than anteriorly; posterior angles about rectangular, not produced,

setae distinctly anterad of hind angles. Male with front tarsomeres narrowly expanded, tarsomeres 1 and 2 with adhesive

vestiture ventrally. Elytra as in Fig. IIA, not markedly vaulted posteriorly (Fig. 1 IB); humeri narrowly rounded; lateral

margin postero-lateraUy markedly sinuate, apical angles each with very short spine; striae finely punctate, discal intervals

moderately convex. Anal setae 4.

Male genitalia with median lobe as in Fig. 19A and B, apical portion similar to that of C. ricardo (cf. Fig. 18A and B);

endophallus with well developed C-sclerite and spinous sclerites 1-3; sclerites 2 and 3 basal in origin, of average length.
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Type material. — Holotype male, labelled: MEX. Chiapas Yerba Buena Hosp., 1.5 mi. n.

Pueblo Nuevo, 7200', cloud forest, VI. 2 1.72, Ball-Meyer. The specimen is in the USNM collec-

tions.

Derivation of specific epithet. - From Latin, brevis and spina meaning short spine, in allu-

sion to the apical spines of the elytra.

Note on habitat. — This specimen was collected under a log on the ground in a tropical

cloud forest.

Geographical affinities. — This species and C. subiridescens were collected in the same patch

of cloud forest, on the same day and at about the same elevation. Thus the two species appear

to be microsympatric.

Relationships. — This is the sister species to the stem group ancestral to C. newtoni-ricardo-

spinicaucla-fiirculifer-grumufer, as suggested by the plesiotypic form and position of the male

genital sclerites.

Geographical distribution. — Known only from the type locality. See Fig. 23.

Cyrtolaus (sensu stricto) newtoni, new species

The single specimen of this species is most like specimens of C. ricardo in body form, but

the pronotum of the former is proportionately longer and narrower (Table 2, and Fig. 24),

and less flattened laterally, and the apical spines of the elytra are short as in C. brevispina.

Description. - Size small for subgenus Cyrtolaus. For data on standardized body length and ratios M 1/P 1, P 1/E 1 and

Ant. Art. 3 w/1, see Tables 1 to 4. For the relationship between SBL and M 1/P 1, see Fig. 24.

Microsculpture of elytra with meshes isodiametric. Dorsal surface shining. Supraorbital setigerous punctures two pairs.

Pronotum as in Fig. IOC, anterior margin very shallowly incised, posterior margin sub truncate, lateral margins slightly

elevated, more so posteriorly than anteriorly, posterior lateral angles acute. Elytra in general form as in Fig. lOA, slightly

vaulted posteriorly (cf. Fig. lOB); humeri narrowly rounded, lateral margins with slight preapical sinuation, apical angles

each with short spine (Fig. lOD). Striae very finely punctate especially anteriorly, discal intervals subcostate toward apex only.

Type material. - Holotype female, labelled: Mexico Oaxaca 22.4 mi. s. Valle Nacional

5600', 12 Aug. 1973; under bark of thin-barked tree; A. Newton, Collector (MCZ).

Derivation of specific epithet. - This is based on the surname of Dr. A. Newton, a specialist

on Middle American staphylinid beetles, to whom we express our appreciation for collecting

the only specimen of this species, and making it available to us.

Note on habitat. — This specimen was collected in a narrow steep barranca, on the ground, in

a cloud forest.

Geographical affinities. - This species is allopatric to all other species of the genus. Its range

is south of the known range of subgenus Ithytolus, and north of the known range of all other

species of Cyrtolaus (s. str.).

Relationships. — This species is regarded as the sister species of the C. ricardo-spinicauda-

fiirculifer-grumiifer stock.

Geographical distribution. - Known only from the type locality (Fig. 23).

Cyrtolaus (sensu stricto) ricardo, new species

In body form (Fig. lOA) specimens of this species resemble most closely the types of C
newtoni and C brevispina, but the pronotum is proportionately shorter and the apical spines

of the elytra are much longer.

Description. - Form as in Fig. lOA. Size average for genus. For data on standardized body length, and ratios M 1/P 1,

P 1/E 1, and Ant. Art. 3 w/1, see Tables 1 to 4. For variation in the relationship between SBE and M 1/P 1, see Fig. 24.

Microsculpture of elytra with meshes isodiametric. Dorsal surface shining. Supraorbital setigerous punctures two pairs.

Pronotum as in Fig. lOA, anterior margin very shallowly incised, posterior margin subtruncate, lateral margins slightly elevated,

more so posteriorly than anteriorly; posterior angles acute, generally as illustrated but less acute in some specimens. Elytra as

Quaest. Ent. 1975, 11 (4)
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in Fig. lOA, slightly vaulted (Fig. lOB); humeri narrow, rounded; lateral margin with slight preapical sinuation, apical angles

each with prominent spine; striae finely punctate, discal intervals subcostate toward apex, only.

Male genitalia with median lobe as in Fig. 18A and B, apical portion narrower and shorter than in C. spinicauda (Fig. 18B,

cf. Fig. 17B). Endophallus with C-scierite, ventral lobe and spinose sclerites 1-3 well developed, 2 and 3 elongate, strap-like,

basal in position. Tliree males dissected.

Type material — Holotype male, labelled: MEX. Chiapas Volcan Tacana, s.e. slope, cloud

forest, litter 7800', VII. 22 and VIII. 3. 72 (G.E. Ball), Paratypes, 14 males, 9 females; 7 males,

7 females (one, allotype) labelled same as holotype; 5 males labelled as holotype, but date

July 2-3; male, Tacana, Sumidero San Antonio, VII.24.72, 9000-10,000', male, Tacana, n.

Union Juarez VIE 28.72, at 7000'; and 2 females, GUATEMALA, Departmento San Marcos,

ridge 1.5 km w. El Rincon, 2730-2780 m, XI. 8. 1974, in log, J.E. Lynch (USNM).

Disposition of type material. — Holotype, allotype and male and female paratype from type

locality (USNM); 2 males in each of CAS, CNC and IPNM; 2 males, 1 female in each of BMNH
and MCZ: male, female (MNHP); and 2 males, 2 females (UASM). The Guatemala specimens were

returned to USNM.

Derivation of specific epithet. - A noun in apposition, based on the given name of a guide and

citizen of Union Juarez, Chiapas, Sr. Ricardo Morales, who assisted in finding and collecting

specimens of this species.

Notes on habitat. — As indicated by label data, specimens were collected under logs and in

leaf litter, on damp ground, in dense wet cloud forest. The beetles were scarce at higher elevations

(9000 feet and more) and did not occur in open places or in coniferous forests.

Geographical affinities. — This species and C. furculifer Bates are parapatric. Both were collected

on Tacana, but the latter species was found at a much lower elevation.

Relationships. - This species is regarded as the sister species of the C. spinicauda-furculifer-

griimufer stock, as suggested by common possession of long elytral spines.

Geographical distribution. — This species is known from Volcan Tacana, Chiapas, on the

Mexican-Guatemaian border, and from the adjacent portion of Guatemala (Pig. 23).

Cyrtolaus (sensii stricto) spinicauda Bates, 1882

Cyrtolaiis spinicauda Bates, 1882; 100. LECTOTYPE male (here selected), labelled: TYPE,

H.T. [circular label, ringed in red]
;
Purula Guatemala Champion; BCA Col. I. 1. Cyrtolaus

spinicauda Bates; Cyrtolaus spinicauda Bates [handwritten]
;
BMNH; paralectotypes, 2 fema]es,

both collected at San Geronimo, Guatemala, one in BMNH, one in MNHP. TYPE LOCALITY;

Purula, Guatemala. — Csiki, 1931; 766.

The broadly rounded sides of the pronotum and high-domed elytra with grossly punctate

striae distinguish this species from other members of the genus.

Description. - Form as in Fig. 9A. Size average for genus, antennae and tarsi relatively elongate. For data on standardized

body length, and ratios M 1/P 1, P 1/E 1 and Ant. Art. 3 w/1, see Tables 1 to 4. For data on variation in the relationship between

SBLandM 1/P 1, see Fig. 24.

Microsculpture of elytra with meshes isodiametric, small, lines coarser than on head, surface shining. Supraorbital setigerous

punctures 2 pairs. Pronotum as in Fig. 9A, anterior margin incised, hind angles rounded, sides broadly rounded, posteriorly

strikingly broadly explanate. Male with tarsomeres 1 and 2 of anterior tarsus with adhesive vestiture ventrally. Elytra as in

Fig. 9A, strongly vaulted (Fig. 9B); humeri rounded; margin with slight preapical sinuation, apical angles each with well

developed spine; striae coarsely punctate, intervals crenulate laterally, distinctly carinate.

Male genitaha with median lobe as in Fig. 17A and B. Apical portion moderately elongate, broadly rounded (dorsal aspect),

narrowed, sinuate (lateral aspect). Endophallus with C-sclerite and spinose sclerites 1-3 and ventral lobe well developed; sclerites

2 and 3 long, strap-like, attached dorso-basally.

Note on habitat. - The single specimen for which we have ecological data was collected in a

cloud forest, under a hardwood log.

Geographical affinities. — The range of this species is at the known southern periphery of

Cyrtolaus. This species and C. lobipennis are at least parapatric and possible sympatric, at San
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Geronimo, Guatemala. Although C spiuicauda and the related C. heard

o

are in the same system

of highlands, they have not been collected together.

Relationships. - Members of this species share with those of C fureulifer and C. gnimufer

prominent pronotal front angles, but are plesiotypic in having two pairs of supraorbital setae and

non-tumescent elytral interval 2. Thus, we regard C. spinieaiida as the sister species of these two

species.

Geographieal distribution. — This species is known only from the Guatemalan Highlands in

Alta Verapaz and Baja Verapaz (Fig. 23).

Material examined. - Total 5 (including 3 types). Locality of type material is indicated in the

section on synonymy. The other specimens, a female and a set of elytra were collected in the

following locality. GUATEMALA Alta Verapaz 59.5 kil. s. Coban, 4925', May 3 1 ,1973, T.L. and

L.V. Erwin (USNM).

Cyrtolaus (sensu strieto) fureulifer Bates, 1 882

Cyrtolaus fureulifer Bates, 1882; 99. LECTOTYPE female (here selected), labelled: Type HT
[circular, ringed with red] ; Cerro Zunil, 4-5000 ft. Champion; BCA Col. I. 1 . Cyrtolaus fureulifer

Bates; Cyrtolaus fureulifer Bates [handwritten] (BMNH). Paralectotypes 2; male, locality same

as that of lectotype, (MNHP); female (teneral), locality same as that of lectotype, but labelled

4000 ft (BMNH). TYPE LOCALITY. - Cerro Zunil, Guatemala. - Csiki, 1931 : 766.

The head, with a single pair of supraorbital setae, elytra vaulted (Fig. 12B), with intervals 5-7

sub-cordate, and apices of intervals 2 and 3 swollen and elevated are sufficient to distinguish

specimens of this species from all other known members of the genus.

Description. - Form as in Fig. 12A. Size large for genus. Antennae and tarsi elongate. For data on standardized body length

and ratios M 1/P 1, P 1/E 1 and Ant. Art. 3 w/1, see Tables 1 to 4. For variation in the relationship between SBF and M 1/P 1

,

see Fig. 24. Microsculpture of elytra with meshes isodiametric. Dorsal surface shining. Supraorbital setae single parr. Pronotum as

in Fig. 12A; anterior margin shallowly incised, posterior margin truncate medially, slightly incised laterally; lateral margins broadly

rounded, sides explanate, elevated more posteriorly than anteriorly; anterior angles prominent; hind angles acute, small slightly

projected. Male with front tarsomeres 1-4 narrowly expanded, tarsomeres 1 and 2 with adhesive vestiture ventrally. Elytra as in

Fig. 12A, vaulted posteriorly, as in Fig. 12B; striae moderately coarse otherwise as described above.

Male genitalia with median lobe as in Fig. 21 A and B, apical portion short, tapered, apex narrowly rounded (dorsal aspect,

Fig. 21B), sinuate (lateral aspect 21 A). Endophallus (Fig. 21C) with C-sclerite lightly sclerotized, ventral lobe small, spinose

sclerite 1 well developed, spinose sclerites 2 and 3 broad, basal in position.

Note on habitat. - The specimens from Chiapas were collected on the slopes of a deep canyon,

on the ground, under logs, in a coffee plantation. The vegetation was probably originally tropical

montane forest.

Geographieal affinities. — This species and C. rieardo are parapatric on Volcan Tacana, with

the latter species occurring at a higher elevation. Elsewhere, C. fureulifer is the only species of the

genus known from Cerro Zunil, Guatemala.

Relationships. - This species is regarded as the sister species of C. grinnufer new species, based

on general structural similarity and the synapotypic features of a reduced number of supraorbital

setigerous punctures, costate lateral elytral intervals and tumescent apical portion of interval 3.

Geographieal distribution. — This species is known from southeastern Chiapas and southwestern

Guatemala (Fig. 23).

Material examined. - Six specimens (including type material), male and 5 females. In addition

to the type locality, specimens are known from: MEX, Chiapas, Union Juarez, Ban*anca Providen-

cia, on Volcan Tacana, about 5000', July 30, 1972, G.E. Ball (UASM); and Chiapas, Einca La

Isle (F. Psota Coll, FMNH).
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Cyrtolaus (sensu stricto) grumufer, new species

A combination of large size ( 13.0 mm or more in standardized body length), single pair of

supraorbital setigerous punctures, subcostate elytral intervals 5-7 and tumescent apical portion

of interval 2 distinguish members of this species from all others except C fiirculifer. Members

of the last-named species have both elytral intervals 2 and 3 elevated near apex.

Description - Form as in Fig. 13 A. Size large. For data on standardized body length and ratios M 1/P 1, P 1/E 1 and

Ant. Art. 3 vv/1, see Tables 1 to 4. For data on variation in the relationship between SBL and M 1/P 1, see Fig. 24.

Microsculpture of pronotum with meshes very dense, more so than in any other species of the genus; of elvtra, meshes

isodiametric, small, lines fine. Dorsal surface generally shining, pronotum pronouncedly sericeous. Single pair of supraorbital

setigerous punctures. Pronotum as in Fig. 13 A, anterior margin excised, posterior margin trisinuate; lateral margins rounded,

sides elevated and flared posteriorly, anterior angles prominent. Male with front tarsomeres narrowly expanded, tarsomeres

1-2 with adhesive vestiture ventrally. Elytra as in Fig. 13A, vaulted in lateral aspect (Fig. 13B). Humeri narrowed, angulate,

lateral margin slightly sinuate preapically; striae moderately coarsely punctate, intervals convex, 5-7 subcostate; interval 2

tumescent preapically.

Male genitalia with median lobe as in Fig. 20A and B, apical portion long, broad, broadly subtruncate (dorsal aspect Fig. 20B),

sinuate (lateral aspect. Fig. 20A). Endophallus with C-sclerite lightly sclerotized, ventral lobe and spinose sclerite 1 absent, spinose

sclerites 2 and 3 medio-lateral in position (Fig. 20C).

Type material — Holotype male, labelled; MEX. Chiapas Yerba Buena Hosp., 1.5 m. n.

Pueblo Nuevo, 5100-6000', June 21-22, 1972, P.A. Meyer, G.E. Ball, collectors. Paratypes

5, 2 males and 2 females (1 allotype), labelled as holotype; 1 male from same locality but

labelled specifically 5100', and VI. 22. 72.

Disposition of type material. - The holotype and allotype are in the collections of the USNM.

A male and female paratype are in UASM, and a male paratype is in each of BMNH and MNHP.
Derivation of speeific epithet. — Lvitm, griinms (mound), and -fer (suffix meaning bear), in

allusion to the swollen apical portion of elytral interval 2.

Note on habitat. - The type series was collected in wet pine-oak-sweet gum forest, on the

property of the Yerba Buena Mission, on a west facing slope. Most of the specimens were collected

at the lower elevation (5100'), at the bottom of a ravine just below the mission buildings. There

was an abundance of cover on the ground, and the beetles were under the bark of pine logs or on

the ground, under large, partly buried logs.

Geographical affinities. — This species, C. siibiridescens and C. brevispina occur in the same

general area, but the latter 2 species were collected at higher elevation and in cloud forest. Thus,

C grumufer is parapatric with these species. It is allopatric with its close relative, C fiirculifer.

Relationships. — Structurally, this is the most highly evolved species of the genus. It is regarded

as the sister species of C. fiirculifer.

Material examined. — Type material, only.

EVOLUTIONARY CONSIDERATIONS

Morphological Evidence

Proportions. - Examination of body form suggested that larger specimens had proportion-

ately longer pronota. To test this, a ratio was calculated using values for mandible length divided

by pronotal length. Values for the ratio would be relatively lower for specimens with longer

pronota. These values were plotted against SBL, and the results are presented in Figure 24.

This figure illustrates three points: first, for the subgenus Cyrtolaus, there is a negative

relationship between values for the ratio and those for the measurement, indicating that larger

specimens have proportionately larger pronota. Second, two groups are evident; C orizabae

(subgenus Ithytolus), and subgenus Cyrtolaus. Specimens of C orizabae, although relatively

small, have proportionately longer pronota. Third, in the subgenus Cyrtolaus, the more apotypic

species are the ones with the proportionately longer pronota (C fiirculifer and C. grumufer-,

see Fig. 24 and 25). (The single specimen of Cyrtolaus newtoni occupies an exceptional and thus
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equivocal, position. It may represent a third slope, intermediate between that for Ithytolus

and that for the other members of subgenus Cyrtolaus, or it may be on the periphery of one

or the other of these two slopes. Data for additional specimens will provide the answer.)

These affinities are interpreted in phylogenetic terms as follows. Within the genus, selection

has acted to produce an increase in overall size, and a disproportionate increase in length of

pronotum. The second trend has generally paralleled size increase in Cyrtolaus (sensu stricto)

though C. newtoni may be an exception, but in Ithytolus the second trend seems to have been

independent of the first.

Study of the functional significance of a proportionately larger pronotum may contribute to

understanding some of the selective forces that have led to the structural divergence represented

among the extant species of Cyrtolaus.

Table 5. Phylogenetic Classification of Character States of Selected Characteristics of

Cyrtolaus Bates.

No.l- Characteristic Character State

Plesiotypic Apotypic

1 Labrum, No. setae 6 4

2 Antennae (& tarsi) short elongate

3 Supraorbital setae 2 pairs 1 pair

4 Pronotum: anterior bead present absent

5 Pronotum: posterior near hind angles remote from

setae, position hind angles

6 Pronotum: front angles not strongly

produced

strongly produced

7 Front tarsi, male adhesive vestiture without adhesive

on articles 1-2 vestiture

8 Elytra . not fused fused

9 Elytral plica epipleuron crossed epipleuron not

crossed

10 Elytra: strial moderate impunctate

punctation finely punctate 10'

grossly punctate 10'

11 Elytron: apex rounded, or spine short

angulate spine long 1

1

'

12 Elytron: interval 2, not tumescent tumescent

apically

13 Elytron: microsculpture isodiametric transverse

14 Anal setae male, 1 pair

female, 2 pairs

multiple

15 Male genitalia: endo- absent basal, short

phallus sclerites 2 & 3 basal, long 1
5'

lateral medial 1
5"

16 Male genitalia: endo- absent present

phallus sclerite 1 absent 16*

1. Code number, as used in Figure 25.
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Fig. 25. Phylogenetic diagram and generalized distribution for the species of Cyrtolaus Bates.
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Phylogeny of Cyrtolaus. - The most parsimonious phytogeny that we can reconstruct for

Cyrtolaus is outlined in Fig. 25. In this standard phylogenetic tree, the vertical axis represents

time and the horizontal axis represents divergence, but neither the angles nor the precise positions

of the branches are intended to represent amount of divergence in time or structure. This diagram

and the system of notation in Table 5 and the following discussion, are modified from those of

Ball and Erwin (1969) and Ball and Negre (1972) to simplify representation of those apotypic

conditions thought to have arisen more than once. Designations of characters as two-state or

multi-state, and inferences concerning plesiotypy and apotypy, are as discussed by Ball and Negre

(1972). The only complex or multi-state characters are in punctation of elytral striae, in form of

elytral apex, and in armature of the male endophallus. In the diagram, each horizontal bar repre-

sents a character, and shaded portions represent the apotypic character state; incomplete bars

represent segments of morphoclines. Numeral designation and phylogenetic classification of

characters and character states are presented in Table 5. Evolution of multi-state characters is

discussed, below.

Punctation of the elytra is probably a combination of 2-state characters rather than a morpho-

cline, but if it were treated as a single multi-state character the impunctate condition would be

considered plesiotypic and the reconstructed phylogeny would not be altered.

As interpreted here, the character states of the male endophallus (15,16) represent a single,

complex morphocline sequence: sclerites 2 and 3 are primitively absent, and develop successively

as short and baso-lateral through long and baso-lateral to short and medio-lateral; sclerite 1 is

primitively absent and after developing in an early stock is secondarily lost.

In our reconstruction of Cyrtolaus phylogeny, 14 apotypic conditions arose just once and three

others arose twice. We suspect that our reconstruction is, if not wholly accurate, at least not radi-

cally wrong. It is in agreement with distributional data, and, further, two of the three apotypic

conditions proposed to have arisen twice are thought to have done so in consecutive branches.

This reconstruction was tested by simplified numerical methods (Willis, 1971), as were similar

reconstructions based on variant assumptions about the structure of the male genitalia of C
newtoni; this reconstruction is the most parsimonious of those tested, but even if our assumptions

prove incorrect only the middle section of the reconstruction need be altered. Another reconstruc-

tion was based on the assumption that C brevispina normally has one rather than two pairs of

supraorbital setae (the only known specimen has 1.5 pairs!), but failed when tested for parsimony.

Bates (1884) placed C. lobipennis with C. orizabae (=anomalus) in Ithytolus, leaving only the

species without crossed elytral epipleura in Cyrtolaus. We accept Ithytolus as a subgenus of

Cyrtolaus, but for morphological and geographic reasons place C. lobipennis in Cyrtolaus s. str.

The fused elytra of all species of Cyrtolaus s. str. imply not only antiquity but greatly reduced

vagility, so that placement of lobipennis in Cyrtolaus s. str. reflects a reasonable and probably

natural vicariance between Ithytolus and Cyrtolaus. If Ithytolus and Cyrtolaus of Bates were

treated as sister groups (that is, if lobipennis is kept in Ithytolus), convergence in character 7

would be eliminated but new convergences would arise in characters 4, 5, 8, and 14. Convergence

in character 7 is not as remarkable as it might appear, because even in species with distinct special-

ized adhesive vestiture on the ventral surfaces of the basal articles of the male front tarsus this

vestiture is not as strongly developed as in most other Pterostichini.

Convergence in character 13— transverse elytral microsculpture— is not remarkable among the

Pterostichini; but if C lobipennis and C. subirideseens regarded as sister species to eliminate

that convergence, additional convergences would result in characters 2, 9, and 15.

Two species (C. subirideseens and C spinieauda) have grossly punctate elytral striae. This

character, however, is varied within the genus and probably has little significance: though gross

punctation is not a common feature in Pterostichi, variation in strial punctation is common.

Treatment of C subirideseens and C spinieauda as sister species requires additional convergences

in characters 1 1 and 15.
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Zoogeography

The sparse locality data impose severe limitations on an attempt to identify distribution

patterns and to interpret them in an historical context. Nonetheless, the outline of a pattern

seems evident, and it seems important to draw this to the attention of the reader. So, we pre-

sent a bare skeleton of evolutionary history of Cyrtolaus. This is best appreciated in terms of

general principles of evolution of mountain faunas (Darlington, 1971), and against a background

of geological and biotic history of Middle America (see, for example, Duellman, 1 970; Whitehead,

1972; Goulet, 1974; Halffter, 1974; and Ball, 1975).

The distribution pattern. - The locality records for a species are taken as evidence of the occur-

rence of that species not only at the places in question but also in suitable habitats throughout

the mountain system of which the particular localities are a part. This is indicated in Fig. 25, where

we classify the ranges of species as “Transverse-Volcanic Sierra; Oaxaca; northwestern Chiapas;

and southeastern Chiapas-Guatemala”. The species of Cyrtolaus are confined to an area including

southern Mexico and western Guatemala (Fig. 22). This is essentially “nuclear Central America”

(Duellman, 1970). Because members of this genus are mainly inhabitants of cloud forests most-

ly on the seaward slopes of mountains, it seems likely that conditions in the lowlands, on the

lower slopes of mountains, and on the more exposed higher, drier or inland slopes, are inimical

to the beetles. The lowland areas presently seem to be barriers to dispersal enhanced in effective-

ness by the inability of the beetles to fly. Thus, one might expect each of a series of proximate

mountain systems to have a more or less distinctive Cyrtolaus fauna. This expectation is realized.

In the mountains south of the Isthmus of Tehuantepec, seven species occur; north of the Isthmus,

one species is known from the highlands of Oaxaca; and still farther north, on the Caribbean

slopes of the Trans-Volcanic Sierra is yet another species. No single species is common to any two

of these areas. Further, within the Chiapan-Guatemalan mountain systems (Fig. 23), allopatry is

the rule, although there is one confirmed instance of sympatry (C. subiridescens and C. brevispina

at Yerba Buena), a possible second instance (C lobipennis and C spinieauda at San Geronimo),

and two instances of parapatry (C subirideseens-brevispina at higher elevation, C. gruinufer in

the same area at lower elevation; and on Tacana, C. furculifer at lower elevation, and C. rieardo

at higher elevations). Additional collecting is certain to alter this pattern, but probably not to

completely falsify it.

Historieal aspeets. — Although Cyrtolaus is probably an old group, as suggested by no evident

extant sister group, and by its many apotypic features, including confinement to mountain

forests, flightlessness and associated loss of wings, reduction of the metathorax, and fusion of

the elytra - nevertheless the extant species may not be that old because they seem, on the whole,

to be closely related and to exhibit a fairly orderly distribution pattern (closest relatives allopa-

tric; range overlap generally limited). Possibly, evolution of the extant fauna has taken place

during the later Tertiary and Quaternary.

Because we cannot identify the sister group of Cyrtolaus, we cannot specify from which

direction (north or south) the ancestral stock of this genus reached nuclear Middle America.

Probably this stock was adapted to life in the tropical lowlands, evolved upland forms, eventu-

ally became extinct in the former areas, and its upland stocks became adapted to life in cloud

forests. We suggest that by Miocene time, there were two flightless mountain-adapted stocks of

Cyrtolaus, one on each side of what might have been an imposing barrier: the Isthmus of Tehuan-

tepec. The northern group retained most of the plesiotypic features, and gave rise to the subgenus

Ithytolus, known from a single extant species, C orizabae. The southern group underwent more

differentiation, to become the ancestor of subgenus Cyrtolaus. If our phytogeny is correct, the

geographical correlates (Fig. 25) suggest this sequence of events: division of the ancestral stock

(designated as Ancestor A) into a lineage east of the Rio Chixoy which gave rise to C. lobipennis,

Quaest. Ent. 1975, 1 1 (4)
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and one to the west (Ancestor B). Tlie Ancestor B lineage split into two groups, one in the

central highlands of Chiapas, and the Cuchumatanes Mountains, which gave rise to C subirides-

cens, and a more southern one (Ancestor C), which eventually became widespread. Ancestor C

then split into two stocks: one in the southeast (Ancestor D, Sierra Madre de Chiapas and asso-

ciated mountains in Guatemala) and one to the northwest, which gave rise to C brevispina. The

Ancestor D lineage succeeded in crossing the Isthmus of Tehuantepec, possibly during the early

Pleistocene, when conditions may have been suitable to the normally upland forests in the lower

hills of the Isthmus (see Duellman, 1970), became isolated there, and gave rise to C newtoni;

meanwhile the Sierra Madrean stock in Chiapas and Guatemala gave rise to Ancestor E. Ances-

tor E then dispersed, with C ricardo becoming differentiated in the southeast and Ancestor E

arising in the northwestern mountains. Ancestor F then dispersed and differentiated, to produce

C. spinicaiida to the east of the Rio Chixoy drainage and Ancestor G in the northwestern moun-

tains. The latter re-dispersed, its descendant stocks becoming isolated to produce C furcidifer

in the southern mountains and C. gniinufer in the Chiapan highlands.

Coincidentally with this system of dispersals and re-dispersals, isolation and differentiation,

the putative earlier inhabitants of each mountain system moved upward as later invaders became

established.

Overall, the system proposed is complex, but no more so than those proposed for various

groups of vertebrates inhabiting Middle America (see, for example, Hershkovitz, 1967, for an

account of rodent dispersal, and Duellman, 1970, for an account of hylid frogs). Especially

important to the development of the pattern have been movements between the major east-

west mountain systems, followed by isolation and differentiation. This is our hypothesis. It

can be tested both by analogy with the explanations provided for other groups of organisms,

and by information obtained from additional field work. We hope that others will be inspired

to pursue the lines suggested by this initial essay, and we await the results with interest.
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Agromyzidae, 203, 209, 210, 21 1,

239, 262, 26 5, 266, 267, 268,

269

agoutis, 182

alaskana, Phytomyza, 242

albiceps, Phytomyza, 239, 240, 241, 243,

244, 256, 257, 261, 264

album, Sediim, 203, 207

Alexander, C.P., 219, 220, 226, 227

Alexander, M.M. (see Alexander, C.P.),

219 220 221

alfalfa, 335, 336, 337, 342, 346, 347,

348, 349

alpestris, Solidago, 252

alpina, Phytomyza, 242

alpinus alpiniis. Aster, 256

alpinus. Aster, 242

Ain us, 334

Alysiinae, 209, 266

Amans, P., 94, 97

amapensis n. sp., Rhinochenus, 1 19,

128, 133, 137, 138, 139, 156, 171,

180, 185, 189

Amauromyza, 211

elaeagni, 21

1

sheperdiae, 211

amellus. Aster, 240, 243, 256, 257, 258,

259

Amphasia, 218

Anax, sp., 95

junius, 90

Anderson, J.N. (see Ball, G.E.), 33

Andrewes, H.E., 20, 21, 31, 32, 48

Anemone, 203

Angus, R.B. (see Coope, G.R.), 355, 365

Anisodactylus interstitialis, 218

lugubris, 218

sericeus, 2 1

8

Anisoptera, 89, 90, 93, 94, 1 12

Anisotarsus, 196, 218

Anolis chrysolepis, 201

Anonymous, 285, 363

anserimontis n. sp., Phytomyza, 264, 265,

278

ant, 201, 317, 318

Anthon, R, 223, 227

Antoine, M„ 1 7, 1 8, 20, 22, 23, 24, 30, 32,

33, 36, 46, 52, 53, 57, 58, 59, 60

aphids, 312, 317, 3 25, 3 26, 3 27, 336, 342,

344, 347, 349, 351

Aphis, 334

Apion, 1 55

Arctostaphylos uva-ursi, 346

Argia vivida, 90, 95

Arnett, R.H., Jr., 284, 291, 363

Artemisia, 267, 306

Asahina, S., 90, 97

aspen poplar, 222

Aster, 239, 240, 242, 243, 245, 248, 257,

261, 264

alpinus, 242

alpinus alpinus, 256

amellus, 240, 243, 256, 257, 258, 259

bellidiastrum, 243, 254, 255

chiliolatus, 245, 276

eonspicuus, 240, 243, 245, 276

hesperius, 245

indicus, 255

laevis, 245

macrophyllus, 264

modestus, 245, 247, 248, 264, 265, 277,

278

puniceus, 245

sibiricus, 239, 246, 277

trinervius, 264
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Aster (con’t)

tripolium, 242, 260, 261, 263, 264

Astereae, 239, 240, 244, 247, 255, 277

asteribia, Phytomyza, 239, 256, 257

asteris, Chromatomyia, 242, 260, 265, 275

asteris, Phytomyza, 256, 260

asteroides, Erigeron, 240

asterophaga, Phytomyza, 240, 241, 243,

244, 245, 264, 265, 276

astotinensis n. sp., Phytomyza, 239, 242,

244, 248, 277

atricornis, Phytomyza, 266

bahiensis, Rhinochenus, 1 19, 135, 136,

159

Balduf.W.V., 291, 363

Ball, G.E., 1-2, 5, 30, 32, 33, 38, 42, 43,

60, 179, 191, 194, 197, 199

balsamifera, Popidus, 334

baniardi, Peringiieyomyina, 220, 225, 226,

227

bark beetle, 280

Basilewsky, P., 11, 12, 16, 17, 18, 19, 23,

24, 25, 26, 27, 28, 31, 39, 40, 44, 45,

46, 48, 49, 50, 51, 54, 61

Bates, H.W., 60

Bedel, L., 11, 17, 24, 32, 36, 40, 46, 60

beetles, 182, 186, 194, 199, 200, 217,

283, 284, 298, 300, 346, 363, 366

Beiger, M., 209, 251, 252, 255, 259, 265,

266

Belicek, J., 1 16, 282-409

Bell, R.G. (see Kellogg, V.L.), 347, 369

bellidiastnim. Aster, 243, 254, 255

bellidina, Phytomyza, 243, 253, 254,

273

Beilis, 240, 243, 251, 252, 253, 254, 261

perennis, 251, 252, 254, 255

silvestris, 252, 254

Bembidion, 218

gut tula, 2 1

8

Be tula, 336

Bibionidae, 225

Bielawski, R., 351, 363

Billberg, G.J., 363

biolleyi, Ctenocolum, 1 95

bird, 1 22, 200

Bishop, F., 222, 227

Blaborhinus, 199

Blackwelder, R.E., 350, 363

Blanchard, E., 363

Bland, J.H.B., 363

Boheman, C.H., 121, 199

Bouillon, J.B., 364

Boving, A.C., 289, 364

Brachinus, 191, 194

Brachyacaudus cardui, 334

Braconidae, 209, 266

brasiliensis, Caryedes, 193, 195, 196

Brethes, J., 364

brevicollis, Nebria, 2 1

8

brevicollis, Rhinochenus, 119, 120, 121, 127,

129, 131, 140, 141, 142, 143, 152, 153,

154, 155, 156, 162, 163, 164, 167, 173,

177, 179, 180, 184, 185, 186, 189, 190

brevispinosa, Cinara, 334

Briggs, R.N., 220, 222, 228

Britton, W.E., 327, 364

Brodie, W., 285, 364

Brown, W.J., 285, 298, 331, 332, 333, 335,

336, 337, 338, 339, 340, 344, 351, 360,

364

Brown, W.L. (see Wilson, E.D.), 288, 375

Bruchidae, 195, 196, 200, 201

Bryk, F., 259, 266

Bryobia, 345

Buchholtz, C., 89, 97

Buhr, H., 209, 252, 254, 255, 258, 259, 261,

265

Burakowski, B., 24

Burrows, M., 95, 97

butterflies, 115, 116, 367

butterfly, 1 16

Caesalpinioideae, 200

caespitosus, Erigeron, 239, 243, 255, 277

Caillere, L., 89, 93, 94, 95, 97

Calder, J.A., 355, 364

Calleida, 197

callianthemus, Erigeron, 250, 277

Calosoma marginale, 2 1

8

Calycomyza, 240

canadensis, Aeshna, 90, 93, 95, 113, 1 14

canadensis, Epilobium, 334

canadensis, Erigeron, 258

canadensis, Shepherdia, 211, 213, 216

canadensis, Solidago, 240, 247, 249, 252,

253, 259, 277

Caprifoliaceae, 266

Carabidae, 3-89, 195, 196, 199, 201, 217
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cardid, Brachyacaudus, 334

Carr, F.S., 285, 364

Garret, A., 1 5

Caryedes, 194, 195, 200

brasiliensis, 193, 195, 196

godmaui, 195

limonensis, 195

nevennanni, 195

Caryocaraceae, 200

Casey, T.L., 19, 22, 23, 24, 38, 285, 298,

300, 303, 306, 317, 318, 319, 322, 324,

331, 336, 339, 351, 364

caucensis n. sp., RhinocJienus, 1 19, 128,

136, 143, 144, 150, 151, 153, 166, 167,

172, 176, 180, 181, 182, 185, 189, 190

cepaea, Sedum, 203, 208, 209

Chaitophorus populicola, 334

Champion, G.C., 121, 158, 199,364

Chapin, E.A., 285, 318, 320, 329, 335, 339,

342, 343, 344, 364

Chapin, J.B., 364

Chapman, J.A., 349, 365

Chaiidoir, M., 61

chermids, 325

Chevrolat, A., 1 20, 1 21, 138, 1 99

Chevrolat, L.A., 317, 365

chevrolati n. sp., Rhinochemis, 1 19, 128,

132, 133, 139, 140, 141, 165, 170, 180,

185, 189

chiliolatiis. Aster, 245, 276

Chironomidae, 222

chorrensis n. sp., Rhiriochenus, 1 19, 124,

126, 128, 143, 145, 147, 148, 151, 166,

172, 176, 180, 184, 189, 190, 193, 195,

196

Chromatornyia, 211, 212, 214, 239, 240,

242, 243, 256, 260, 266

asteris, 242, 260, 265, 275

erigerontophaga, 240, 242, 243, 260, 261

262, 263, 275, 277

farfarella, 260

horticola, 242, 243, 261

kluanensis, 260

leptargyreae n. sp., 211, 212, 215, 216

meriila, 211, 212, 214, 215, 216

shepheridiana n. sp., 211, 212, 213, 214,

215, 216

syngenesiae, 242, 260, 261

thermarum n. sp., 239, 240, 242, 243,

Chromatornyia thermarum n. sp. (con’t)

262, 263, 275, 277

Chrysobracteon, 218

Chrysobalanaceae, 200

chrysolepis, AnoUs, 201

Chyptorhynehiis piger, 1 56

Cicindela, 201

Cicindelinae, 217

ciliolati, Phytomyza, 240, 241, 243, 245, 264,

265, 276

Ciuara brevispinosa, 334

cinereopimctatus, Rhinoehenus, 129, 131,

132, 136, 139, 140, 141, 143, 151, 152,

156, 159, 167, 173, 176, 180, 181, 184

185, 186, 189, 190

Cirsium, 334

clandestina, Podosphaera, 353

Clark, M.E., 285, 365

Clarke, R.O.S., 44, 49, 50, 61

Clausen, C.P., 291, 365

Clematis, 203

Cleridae, 1 99

Cnidiiim, 266

Coccinellidae, 282-409
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Cockerell, T.D.A., 365

Colias, 1 16

Coleoptera, 1 19, 199, 200, 201, 284

Collart, A., 259, 266

Colless, D.H., 219, 220, 221, 226, 228

Collyer, E., 298, 365

compositus, Erigerou, 262

commutata, Elaeagmis, 211, 214, 216

Compositae, 239, 255, 261, 266, 267

conifers, 320, 325, 326

Conioselinum, 266

Conotrachelus, 120, 201

conspicuiis. Aster, 240, 243, 245, 276

eonyzae, Phytomyza, 256

Coope, G.R., 355, 365

Copaifera, 120, 121, 127, 143, 154, 155, 163,

179, 183

langsdorffii, 154, 162

marta, 1 54

trapezifolia, 1 54

Corbet, P.S., 90, 97

Cordulegasteridae, 90

Cordidia aenea, 94

shurtleffi, 95
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Corduliidae, 90

Coreidae, 201

Costa, A., 365

courbahl, Hymenaea, 1 19, 120, 125, 129,

130, 131, 132, 136, 137, 138, 139, 140,

141, 142, 143, 148, 149, 150, 153, 156,

162, 186, 190, 200, 201

Craig, D.A., 219-237

Crampton, G.C., 220, 226, 228

Crassulaceae, 203, 210

Crotch, G.R., 285, 300, 306, 319, 338, 339,

350, 352, 365

Cryptorhynchinae, 119, 201

Cryptorhynchini, 1 1 9, 1 20, 1 25

Cryptorhynchus nota, 1 58

reichei, 139

stigma, 1 56

Crum, H.A. (see Porsild, A.E.), 263, 268

Csiki, E., 3, 6, 24, 26, 40, 44, 52, 57, 58,

59

Ctenocoliim, 194, 195, 200

biolleyi, 195

janzeni, 194, 195, 196

salvini, 195, 196

Curculionidae, 1 19, 195, 201

Curciilionidum, 200

Curculio stigma, 125, 156

Curtis, J., 32, 365

Cutright, C.R., 342, 365

cyanea, Aeshna, 90

Cyrtolaus, 191, 194, 196, 198, 201

danae, Sympertrum, 99

Darlington, P.J., 5, 6, 7, 9, 17, 18, 40,

42, 43, 47, 61

darlingtoni, Schizogeniiis, 195

Davidson, W.M., 291, 353, 365

debilis, Erigewn, 240, 249, 263

decLimbens, Solidago, 253

deer, 121, 182

DeGeer, C., 365

demissa, Phytomyza, 241, 255

despinosa n. sp., Phytomyza, 239, 241,

243, 246, 277

Dejean, P.F.M.A., 26, 32, 51, 52, 55, 310,

317, 338, 351, 352, 365

Dice, L.R., 354, 365

Dichapetalaceae, 200

Diptera, 203, 209, 21 1, 219, 220, 225,

227, 228, 229, 239, 265, 266, 267, 268

Diptera (con’t)

269

divaricata, Larrea, 3 56

Dobzhansky, T., 285, 298, 310, 31 2, 313,

314, 315, 316, 331, 334, 335, 336, 337,

339, 365

dragon fly, 89, 95

Drosophila, 1 92

Duellman, W.E., 192, 193, 199

Duponchel, P.A.J., 351, 366

Edwards, J.G., 349, 366

Ekis, G., 194, 197, 199

Elaeagnaceae, 21

1

elaeagni, Amauromyza, 21

1

Elaeagmis, 214

commutata, 211, 214, 216

elatior, Erigeron, 258

El-Harri, G., 291, 366

Ellipsoptera, 201

El-Moursey, A.A., 37

Emden, F.I., 289, 329, 335, 366

Emmons, E., 366

Ephydridae, 2C7

Epilobiiim canadensis, 334

Epiophlebia superstes, 90

eremita, Aeshna, 95

Erigeron, 239, 240, 243, 249, 250, 256, 257,

258, 261, 262

acris, 240, 257

acris aeris, 257, 258

asteroides, 240

caespitosus, 239, 243, 255, 111

eallianthennis, 250, 277

canadensis, 258

eompositiis, 262

debilis, 240, 249, 263

elatior, 258

eriocephahis, 262, 277

glabellas, 249, 257

glabellas glabellas, 257, 277

glaacas, 258

grandifloras, 258

hamilis, 250, 262

negleetas, 258

peregrin as, 239, 243, 250, 277

peregrin as peregrinas, 250

philadelphicas, 239, 240, 243, 263, 277

politas, 240, 257

polymorphas, 258



Vll

Erigeron (con’t)

pubesceris, 249, 257

erigerontophaga, Chromatomyia, 240, 242,

243, 260, 261, 262, 263, 275, 277

erigerontophaga, Phytomyza, 261

erigerophila, Phytomyza, 239, 240, 241, 243.

244, 256, 257, 258, 259, 260, 274, 277

Erigeron unifloras, 258

eriocephahis, Erigeron, 262, 277

Erwin, T.L., 191, 194, 199

Eutanyderus, 228

wilsoni, 220, 221, 225. 226

Evans, W.G., 279-280

Evarthrus, 191, 199

Ewing, H.E., 366

Exner, K., 219-237

Fabriciiis, J.C., 1 21 ,
1 99, 366

Fagel, G., 20, 32

Falderman, F., 366

Fall, H.C., 19, 285, 366

farfarella, Chromatomyia, 260

Felt, E.P., 324, 366

Fielder, C, 1 20, 1 21, 1 99

fiedleri n. sp., Rhinochenus, 1 19, 127,

129, 130, 131, 133, 135, 165, 179, 180,

185, 186, 187, 189

Fields, G.J., 366

fimbriatus, Rhinochenus, 158, 159

Fitch, A., 366

fitchii, Protoplasa, 220, 226, 227, 228, 229,

glabellas glabellas, Erigeron, 257, 211

glaacas, Erigeron, 258

godmani, Caryedes, 195

Goeze, J.A.E., 367

Gomphidae, 90

Gordon, R.D., 285, 300, 301, 302, 303, 305,

306, 307, 320, 367

Goulet, H., 7, 194, 199, 218

grandifloras, Erigeron, 258

Gridelli, E., 22

Griffiths, G.C.D., 203-210, 21 1-216, 239-378.

Grote, A.R., 367

Guerin-Meneville, F.E., 367

Gunther, V., 310, 367

gattala, Bembidion, 218

Flaberman, H., 22, 32, 36

Habu, A., 9, 12, 13, 17, 18, 19, 21, 22, 24,

25, 29, 32, 33, 34, 35, 36, 37, 43, 47, 49,

61

Haffer, J., 193, 200

Hagen, K.S., 289, 291, 367

Hagmeier, E.M., 354, 367

Handlirsch, A., 220, 228

Hansen, V., 17, 20, 22, 24, 32, 33, 36, 61

Harold, B. (see Gemminger, M), 60

Harpalini, 3-87
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Hartig, F., 204, 210, 259, 267

Hatch, M.H., 24, 285, 288, 323, 339, 368

Hawkes, O.A.M., 347, 368
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flies, 228, 240, 252, 262

Flint, R.F., 285, 366

Foaqaieria, 356

Freeman, T.N., 285, 367

Freitag, R., 191, 199, 355, 367

Frey, D.G. (see Wright, HE.), 285, 375

Frey, R., 252, 265

frogs, 199

Frost, S.W., 264, 266

Fursch, H, 310, 367

Gage, J.H., 289, 329, 367

Gaufin, A.R. (see Stanford, J.A.), 226,

228

Gebler, F., 367

Gemminger, M., 60

Gibbobrachas, 194, 195, 196, 201

gigantea, Solidago, 247, 249

glabellas, Erigeron, 249

Hendel, F., 120, 259, 261, 263, 264, 267

hendeli, Phytomyza, 203

Hennig, W., 125, 200, 220, 223, 225, 228

Herbst, J.F.W., 368

hercaleano, Phloeoxena, 1 98

hercales Group, 137, 138, 139, 140, 142,

143, 179, 187

hercales, Rhinochenas, 128, 137, 138, 139,

171, 175, 180, 185, 186, 189

Hering, E.M., 210

Hering, M., 207, 208, 209, 210, 252, 253,

254, 255, 257, 258, 259, 261, 267

hesperias. Aster, 245

Heteroptera, 201

Heusser, C.J., 3 55, 367

Hibbard, C.W.,355, 368

Hippodamia oregonensis, 282

Hinton, H.E., 220, 225, 228

Hodek, I., 289, 291, 331, 368
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Holometabola, 228

Homogyne, 264

homogyneae, FJiytomyza, 264

Hope, F.W., 32, 368

Hopkins, D.M., 355, 368

hoppi, Phytomyza, 243, 254, 273

Horn, G.H., 285, 300, 301, 303, 306, 368

horticola, Chromatomyia, 242, 243, 261

Howe, W.H., 115-116

Huber, J.P., 368

hudsonica, Leucorrhinia, 95

Hulten, E., 240, 267

humilis, Ehgeron, 250, 262

Hurd, P.D., 220

Hydrellia, 207

Hylaea, 150

Hymenaea, 1 19, 120, 121, 122, 125, 127,

142, 150, 153, 154, 155, 162, 163, 179,

182, 184, 190, 200

courbaril, 1 19, 120, 125, 129, 130, 131,

132, 136, 137, 138, 139, 140, 141,

142, 143, 148, 149, 150, 153, 156,

162, 186, 190, 200, 201

intermedia, 150, 190

stigmocarpa, 162

Hypselonotus, 192, 201

lablokoff-Khnzorian, 310, 368

linger, J.C.W., 121, 200, 368

Imrns, A.D., 220, 228

indieiis, Aster, 255

innotatus, Rhinocheniis, 119, 135

insperata, Phytomyza, 264

intacta, Leucorrhinia, 1 1

1

integrifolia, Rhodiola, 204

intermedia, Hymenaea, 150, 190

interriipta lineata, Aeshna, 89, 90, 91, 92,

96, 99, 100, 101, 102, 103, 104, 105

interstitialis, Anisodactylus, 218

Jacobson, G.G., 60

Janzen, D.H., 120, 121, 200

japonica, Phytomyza, 243, 255

janzeni, Ctenocohim, 194, 195, 196

janzeni n. sp., Rhinocheniis, 119, 121, 124,

126, 127, 128, 136, 143, 145, 148, 149,

150, 151, 166, 172, 176, 180, 182, 184,

189, 190, 193, 195, 196

Jeannel, R., 13, 15, 16, 17, 18, 20, 22, 24,

29, 30, 31, 32, 33, 34, 36, 61, 289, 368
Jedlicka, A., 12, 13, 24, 44, 53, 54

Johnson, R.H., 323, 348, 350, 368

Juniperiis, 346

juniiis, Anax, 90

Kaiser, G.W., 354, 368

Kalimeris yomena, 255

Kaltenbach, J.H., 210

Kamiya, H., 289, 291, 368

Kapur, A.P., 298, 339, 368

Karl, O., 252, 267

Keen, J.H., 285, 369

Kellogg, V.L., 347, 369

Keilin, D., 224, 225, 228

Kellerhals, R., 222, 228

Kendeigh, S.C., 354, 369

Kevan, P.G., 267

Kingsolver, J.M., 192, 194, 200, 201

Kirby, W., 369

klagesi n. sp., Rhinocheniis, 1 19, 1 28, 1 29,

130, 131, 132, 133, 135,G42, 143, 146,

156, 165, 169, 180, 184, 185, 186, 187,

189

Klausnitzer, B., 289, 369

khianensis, Chromatomyia, 260

Knight, A.W., 220, 226, 228

Konopasek, P., 222, 228

Korschefsky, R., 288, 310, 338, 369

Krombein, K.V. (see Muesebeck, C.F.W.),

354, 371

Kryzhanovskii, O., 56

Kugelann, J.G., 369

Kvic'ala, B., 259, 267

Lacordaire, J.T., 26

laevis. Aster, 245

Laffoon, J.L. (see Knight, K.L.), 228

lanati, Phytomyza, 241

Landin, B.O., 54

Langenheim, J.H., 190, 200

langsdorffii, Copaifera, 154, 162

Larochelle, A., 217

Larrea divaricata, 356

Larson, D.J., 355, 369

Latreille, P.A., 31, 52, 369

Leach, W.E., 369

leaf miners, 203, 21 1, 214, 239, 240, 254

Lebia, 197

LeConte, J.L., 285, 322, 324, 369

Lecythidaceae, 200

Lee, Y-T (see Langenheim, J.H.), 200

Leguminosae, 200
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Leng, C.W., 285, 317, 318, 331, 335, 339,

351, 369

Lepargyraea, 213

Lepargyreia, 213

Leptargyrea, 213

leptargyreae u. sp., Chwinatomyia, 211,

212, 215, 216

lepida, SoUdago, 240

Leucorrhiuia hudsonica, 95

Leucorrhinia intacta, 1 1 1

Leuschner, R., 115

Lew, G.T., 90, 92, 97

Libellula, 92

qiiadrimaculata, 89, 90, 92, 106, 107,

108, 109, 1 10

Libelliilidae, 90

limbicoUis, Phloeoxeua, 197

limonensis, Caryedes, 1 95

Lindroth, C.H., 6, 1 3, 1 4, 1 6, 1 7, 1 9, 20, 21

,

22, 23, 24, 29, 30, 31, 32, 33, 36, 37, 38,

41, 42, 43, 53, 60, 61, 193, 200, 354,

355, 370

Linnaeus, C, 121, 200, 370

Linnaniemi, W.M., 258, 259, 268

lions’ cub, 300

Liriomyza, 240

Louwerens, C.J., 47

Loxandrus, 1 97

Lucas, P.H., 120, 121, 200

liicasi, Rhinochenus, 119, 146

liigLibris, Anisodactyliis, 218

Lundqvist, A., 252, 259, 268

Lusis, J.J., 329, 370

Macrodiplactidae, 90

macrophylhis, Aster, 264

Macrosiphurn pisi, 33 5

maculata, Tlierioaphis, 335

macidipes n. sp., Rhinochenus, 1 19, 122,

127, 129, 131, 132, 133, 135, 136, 140,

141, 1 56, 165, 169, 180, 182, 184, 185,

187, 189

Mader, L, 300, 330, 344, 370

madid us, Pteroststichus, 218

Malkin, B., 370

mammal, 122

mangabeirensis Group, 139, 141, 142,

143, 146, 159, 179, 181, 187

mangabeirensis n. sp., Rhinochenus, 1 19,

128, 142, 143, 146, 155, 169, 176, 180,

mangabeirensis n. sp., Rhinochenus (con’t)

184, 185, 189

Mann, W.M., 310, 370

margarita, Protanyderus, 220, 221, 227, 228,

230

marginale, Calosoma, 218

margineUa, Phytomyza, 264

Martel, P., (see Sharma, M.L.), 297, 373

martii, Copaifera, 1 54

Martin, S.S. (see Langenheim, J.H.), 200

Mateu, J., 52

Matthews, J.V., Jr., 355, 370

maximum, Sedum, 203, 208
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pieninica, Phytomyza, 242, 244, 255, 256,

261

piger, Chyptorhynchus, 1 56
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Prance, G.T., 193, 200

primitive crane flies, 219, 227, 229

Pritchard, G., 89-1 14

Protanyderus, 219, 220, 221, 225
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174, 175, 176, 179, 180, 181, 182, 183,

184, 185, 186, 187, 188, 190, 191, 193,

194, 195, 198, 199

Key to species, 1 27



Rhinochenus arnapensis n. sp., 119, 128, \ 33, Rhinochenus reichei (cont)

170, 175, 180, 185, 189

rougieri, 119, 158, 159

scuteHaris, 158, 159

137, 138, 139, 156, 1 71, 180, 185, 189
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136, 140, 143, 148, 149, 150, 151, 161,

165, 169, 175, 180, 182, 184, 185, 187,

189, 193
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Rowe, J.S., 354, 372

Ruette, R. de (see Brown, W.J.), 285, 338

339, 340, 344, 351, 364
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Schonherr, C.J., 121, 200

Schwarz, E.A., 373
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Schwoerbel, J., 222, 226, 228
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Scott, F.T., 285, 338, 344, 373

Scriba, L.G., 373
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sedi, Phytomyza, 203, 205, 207, 208

sedicola, Phytomyza, 203, 204, 206, 207,
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cepaea, 203, 208, 209

maximum, 203, 208

telephium, 203, 207, 208, 209

Sehgal, V.K., 252, 269

Seidel, J., 209, 210, 259, 269

Semenov-Tian-Shanski, A., 373

Seneeio, 266

Senecioneae, 264, 266

sericeus, Anisodactylus, 218

serotiiia, Solidago, 252, 259

Sharma, M.F., 297, 373

Sharp, D., 289, 373

Shelford, V.E., 3 54, 373

Shepherdia, 213

amauromyza, 21

1

canadensis, 21

1

, 213, 216

chromatomyia n. sp., 211, 212, 213, 214,

215, 216

Shewell, G., 220

Short, J.R.T., 90, 97

shortii, Solidago, 259

shrubs, 325, 326

Shull, A.F., 288, 374

shurtleffi. Cordalia, 95

sibiricus. Aster, 239, 246, 277

Sicard, A., 374

Silva, A.G. d’Ae, 190

silvestris, Beilis, 252, 254

simmi, Phytomyza, 239, 251, 252, 265

Simpson, B.B., 193, 200

Simuliidae, 225, 228

sitehensis, Phytomyza, 241

Skala, H., 209, 210, 258, 259, 269

Smith, S.G., 318, 361, 374

Sneider, D.H., 373

Snodgrass, R.E., 90, 92, 94, 97

solidaginis, Phytomyza, 244, 252, 258, 260,
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A

solidaginivora, Phytomyza, 241, 243, 246,

264, 277

solidaginophaga, Phytomyza, 241, 244, 249,

252 272 277

Solidago, 239, 240, 243, 247, 248, 249, 250,

251, 252, 253, 258, 259, 261, 264

alpestris, 252

eanadensis, 240, 247, 249, 252, 253, 259,

277

deeumbens, 253

gigantea, 247, 249

lepida, 240

multiradiata, 249, 250, 277

radula, 259

rugosa, 252

serotina, 252, 259

shortii, 259
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Spencer, K.A., 203, 208, 209, 210, 21 1,

212, 213, 214, 244, 245, 252, 254, 259,

260, 261, 262, 263, 264, 269

Sphaerotheca pannosa, 353

splendens, Agrion, 95

Stanford, J.A., 226, 228

Starke, H., 209, 210, 252, 269

Stary, B., 209, 210, 259, 269

Stehr, F.W. (see Phuoc, D.T.), 289, 372

Stehr, W.C., 285, 374

stenaspis, Rhinochemis, 158, 159

Stephens, J.F., 32, 374

sticticiis, Rhinochenus, 119, 121, 125, 158,

159

stigma Group, 139, 141, 142, 143, 147,

150, 1 59, 179, 181, 187, 189

stigma, Cryptorhyuchus, 156

stigma, Curculio, 125, 156

stigma, Rhinochenus, 1 19, 121, 122, 123,

124, 126, 127, 129, 131, 132, 135, 136,

138, 139, 140, 141, 142, 143, 148, 149,

1 50, 151, 156, 157, 158, 159, 160, 161,

162, 163, 164, 168, 173, 174, 178, 179,

180, 182, 184, 185, 186, 187, 189, 190,

193

stigmocarpa, Hymenaea, 162

Stornis pumicatus, 2 1

8

Storch, R.H. (see Vaundell, W.L.), 339

Straneo, S.L., 8

striatus, Rhinochenus, 1 59

Strouhal, H., 289, 374

subcruciatus, Rhinochenus, 119, 121, 146

superstes, Epiophlebia, 90

Sympetrum sp., 94

danae, 99

syngenesiae, Chromatomyia, 242, 260,

261

syngenesiae, Phytornyza, 266

Synthemidae, 90

Tanaka, K., 12, 13

Tanyderid, 219

Tanyderidae, 219, 220, 227, 228, 229,

230, 231

tanyderids, 220, 221, 225, 226

Taylor, R.L. (see Calder, J.A.), 355, 364

telephiiirn, Sedum, 203, 207, 208, 209

tenella, Phytornyza, 260, 261

Thenarelliis, 197

Therioaphis rnaculata, 33 5

therrnarurn n. sp., Chromatomyia, 239, 240,

242, 243, 262, 263, 275, 277

thrombithorax n. sp., Rhinochenus, 1 19,

128, 143, 144, 148, 149, 150, 151, 166,

167, 172, 176, 180, 185, 189, 190

Thun berg, C.P., 374

Timberlake, P.H., 285, 322, 330, 339, 350,

374

Tipulidae, 220, 228, 229

transversalis Group, 129, 130, 131, 132,

135, 136, 142, 143, 179, 187

trwisversalis, Rhinochenus, 118, 119, 121,

122, 123, 1 24, 1 26, 127, 129, 130, 131,

132, 134, 135, 136, 140, 143, 148, 149,

1 50, 151, 161, 165, 169, 175, 180, 182,

184, 185, 187, 189, 193

trapezifolia, Copaifera, 1 54

trees, 3 25, 326

Trichoceridae, 227

Trifolium, 334

triangulifer, Rhinochenus, 158, 159

trilineatus, Rhinochenus, 119, 158, 159

trinervius. Aster, 264

tripoUi, Phytornyza, 263, 264

tripoliurn. Aster, 242, 260, 261, 263, 264

Tschirnhaus, M. von, 269

Tschitscherine, T., 30, 33, 40, 60

Tussilago, 266

Umbelliferae, 266

Umbilicus, 209

rupestris, 209

umbrosa, Aeshtm, 90

iiniflorus, Erigeron, 258

uva-iirsi, Arctostaphylos, 346

Valeriana, 266

Van der Hammen, T., 1 94, 201

vanduzeei, Protanyderus, 230

Van Dyke, E.C., 3 54, 374

Van Emden, F., 6, 11, 16, 17

Vanzolini, P.E., 125, 1 27, 193, 201

Vaundell, W.L., 339, 374

Verhoeff, C., 374

vipio, Protanyderus, 220, 227, 228, 230

virgaureae, Phytornyza, 239, 244, 251, 252,
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Vitt, D.H. (see Packer, J.G.), 355, 372
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Voigt, G., 252, 259, 269

Vuilleumier, B.S., 121, 125, 127, 149, 1 50,

164, 186, 188, 193, 201

Watson, W.Y., 285, 322, 335, 340, 342,

374

Webb, D.A., 203, 210

Weed, CM., 353, 374

weevil, 120, 122, 127, 130, 155, 163, 182,
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Weise, J., 374

Westwood, J.O., 20, 32

Wheeler, W.M., 291, 310, 317, 375

Whitehead, D.R., 118-201

white spruce, 222

Wigglesworth, V.B., 116

Williams, E.E. (see Vanzolini, P.E.), 193,

201

Williams, I.W., 220, 229

Willis, H.L., 129, 201

Wilson, E.O., 197, 201, 288, 375

wilsoni, Eutanyderus, 220, 221, 225, 226

Wingo, C.W., 285, 299, 300, 303, 317, 336,

339, 360, 375

Wollaston, T. V., 40

Wood, H.G., 220, 225, 226, 228

Wright, H.E., Jr., 285, 375

Xestonotus, 218

x-rubra, Rhinocheniis, 119, 121, 128, 136,

138, 143, 144, 146, 147, 151, 156, 159,

166, 171, 176, 180, 181, 185, 186, 187,

189

x-rubrum, Rhinocheniis, 146

yornena, Kalimeris, 255

Yosida, T.H., 347, 375

Yothers, M.A. (see Newcomer, E.J.), 298,

371

Zavfel, H., 209, 210
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Editorial — Paradoxes of Publishing

As Editor of Quaestiones Entomologicae, once again 1 have been compelled to increase the

cost of subscription, this time to $ 1 1.00 Canadian. This is approximately 33% more than last

year’s cost, and coincides with increased publication costs incurred in the last few months. This

is characteristic of scientific journals at this time. As costs increase, a greater proportion of my
own income is involved in journal subscriptions, and 1 have had to ponder if this is a wise invest-

ment. I think so.

The striking increase in scientific work over the past 25 years has coincided with increased inflationary pressure on the value

of money. Increased production has developed increased need for serial publications. In fact, it seems unlikely that the “infor-

mation explosion” could be sustained in the absence of ways to make public the results of endeavor in science. In turn, increase

in the amount of information made public in print has led to an increased demand for, and shortage of, paper. This has resulted

in greatly increased cost of this commodity, to such an extent that the government of France has announced recently its inten-

tion to open French Guiana to settlers, on the basis of potential monetary gains from cutting down the forests to make pulp for

paper. Added to and greatly magnifying these costs have been the effects of inflation. Increased costs must be met by increased

charges to the subscribers. The latter (including individual scientists and libraries), operating on budgets that have not increased

at the rate of inflation, are being forced to curtail their investments in scientific literature. And this is a paradox: at a time of

acute need for access to this important resource, the costs of that resource are becoming prohibitive, and are forcing a decreased

demand for it. (For example, the University of Alberta Libraries have not received a budget increase since 1973. Since then, the

percentage of the budget invested in journal subscriptions has risen from 15% to approximately 40%, and is expected to rise to

50% during 1976-77, even though the number of subscriptions has not increased significantly. In fact. Science Departments

have been asked to consider cancellation of subscriptions to some of their serial publications.) As demand is decreased, and as

subscriptions to journals are lost, the resulting decreased income to publishers forces the latter to reduce the amount of mater-

ial they print, or to increase costs. Either of these actions is Ukely to decrease further the number of subscribers. Page charges

can also be increased, but if they become prohibitive potential authors are compelled to seek other outlets. Ultimately, a

journal is forced to cease publication; over the past few years, we have seen the demise of a number of North American ento-

mological journals.

Could we not seek out other, cheaper, systems of making information public? For instance, it might be just as well to print

and distribute on a regular basis only abstracts with the actual analyzed data being stored in computer banks, and thus aeces-

sible to those few speeialists wanting this information. This procedure would greatly reduce the volume of printed material,

and hence the costs of pubhcation. But, as those who work with computers know, storage is expensive and charges might

have to be levied for the use of this facility. Further, accidents happen, and stored information can be lost. Finally, those who

control a computer network could control what is entered into the system. Even at this time, control is exerted by refusal of

abstracting services to enter into their data banks abstracts of, or references to, material published prior to certain specified

dates. What other criteria might be imposed in the future? My more paranoid readers could probably draft a list of imposing

length of topics that might be excluded. So, although computers are wonderful devices, I believe that they should be used to

ease the task of locating necessary references, but not to supplant the traditional type of scientific literature.

Alternatively, we could publish the data on microfilm, or microfiche. But, both of these devices require special equipment for

reading - devices which are inconvenient for storage and use at home, or on vehicles of public transportation systems - the

very places in which many scientists do much of their reading. Also it is not likely that such devices will be generally available

to scientists of the “developing” countries, at least at this time and for the immediate future.

So, I would argue that the present standard means of publication are not only the most praetical of those available, but
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also the most desirable for the following reasons. First, there is a wide variety of journals, ensuring diversity of published

material, for no two editors (much less editorial boards) hold the same views on acceptibUity of subject matter and style.

Conversely, restriction of journals to a few could lead to uniformity in subject matter, style, and ultimately I suppose, thought.

Second, the present system of publication exerts on potential authors a considerable amount of quality control. This is

most easily seen by comparing that draft of a typescript circulated to one’s colleagues for review with the one following the

review that is submitted to the editor of a journal. I suggest that if this review process were not undertaken, the quality of

preparation would decline appreciably. For, what author would take much interest in providing a first class treatment of a

topic if most of the material were simply stored in a computer?

A third reason for retaining the present system is that it makes information available on an international basis. If only

abstracts were made available on a routine basis, how many workers in lands other than those where the work was done,

would bother to try to get copies of the complete papers that were suspected to be of interest?

A fourth reason involves serendipity, that wonderful ability of higher primates for making accidental discoveries of things

of value - in this case, reading a paper out of curiosity simply because it is in a journal to which one subscribes, and finding

therein an idea or clue that opens the mind to possibilities previously not perceived.

Thus, I think one can make a reasonable case for retention of our present system of publication in spite of high costs -

and I think it is the responsibility of entomologists to support the system. Now, what can be done by us to fulfil this respon-

sibility, and thus ensure a reasonable diversity of journals that publish papers about insects? First, we have to subscribe to as

many journals as we can afford. This applies not only to those who require these publications because otherwise they would

not have easy access to them, but it applies also to those associated with institutions having major libraries, with most of the

literature readily at hand. (F or example, all of the faculty members of my department subscribe to Canadian Entomologist,

and most of them, to the Canadian Journal of Zoology (among others), even though these journals are at their disposal through

the university library.) It is important to keep in mind that if a journal ceases publication because of lack of support, that

journal is denied to major libraries and their patrons, just as it is denied to individual subscribers. Second, those entomologists

associated with institutions having libraries with entomological holdings, can impress on the financial authorities the impor-

tance of funding adequate to at least maintain, if not increase, those holdings. It must be borne in mind that the network of

journals is a vital component of science. Most journals are edited and published by scientists who receive no direct monetary

compensation for their endeavors. Thus, support for a journal is not a source of personal income for colleagues. Rather, it

is nourishment for a portion of the abstract scientific body.

In turn, if diversity of journals is important to the scientific community, it behooves editors to make their publications

as attractive as possible to their subscribers, providing the quantity and quality of material that can reasonably be expected,

at as low a price as can be achieved. (For example, last year, Quaest. Ent. provided its largest volume to date, and one paper

was embellished with color illustrations, thanks to a special grant from the National Research Council of Canada. Detailed

taxonomic descriptions, of interest to relatively few specialists, were printed in smaller size type to save space. The portion

of this essay stating my personal views is in smaller type so that I can exercise editorial prerogative at minimal expense to

the subscribers.) Large national societies must ensure that all of the funds collected for subscriptions are used for publication

only, and not to finance other parts of their operations. The iniquitous practice must be stopped of charging institutions more

than individuals for subscriptions. This would relieve libraries of some of the financial burdens imposed by the present high

cost of publishing. Publishers must seek and use cheaper means of production, and the cheapest paper adequate for the job.

Why, for instance, should text be printed on prohibitively expensive glossy paper? And, I suppose, on the basis that it is in

the national (and international) interest to have diversity of scientific journals additional government support could be sought

for publication. However, in these days of financial constraint and conservatism, with governments the world over funding

mainly bread and circuses, and preferring the latter over the former (witness, for instance, the huge sums being invested in

the 1976 Olympic Games in Montreal, and more locally, the 1978 Commonwealth Games to be held in Edmonton), I suspect

that a request such as the scientific community might make would faU on unhearing ears.

Thus, the system within which we operate requires that much of the financial support to make public our work must be

provided by us, the working scientists. This is a second paradox of publishing!

G. E. Ball
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This worldwide synopsis ofsupra-specific taxa of the tribe Harpaliyii (Coleoptera: Carabidae)

classifies 232 of the 238 valid genera and subgenera together with associated genus group synonyms

and 9 species groups (accorded informal rank equivalent to subgenera) into 4 subtribes: Pelma-

tellina; Anisodactylina; Stenolophina; Harpalina. Six genera are listed as incertae sedis and not

placed to sub tribe. The state of taxonomic knowledge of the species of each valid supra-specific

taxon is evaluated, and the most useful species revisions are listed.

Type species are designated for: Athrostictus Bates (Athrostictus sericatus Bates): Batoscelis

Dejean ("Agonoderus ohXongm Dejean): Comcus Motschulsky THarpalus 2icumm?itus ]\iotschulsky);

Dixus Billberg bucephalus Olivier): ErpQinu?, Motschulsky THarpalus p2iS.ior Tdotschulsky);

Euthenarus Bates /'Euthenarus brevicollis Bates); Harpaloxys Reitter THarpalus cardiodems Putzeys);

Neopangus Tschitscherine ^Neopangus breviformis Tschitscherine); Nesacinopus Tschitscherine

("Cratognathus pelagicus Wollaston); OQdQsds ]\dotschulsky ("Ditomus causasicus Dejean); Ooistus

JXiotschulsky ("Harpalus taciturrms Dejean); Oosoma Nietner ("Oosoma arenaTm Nietner); Oreoxenus

Tschitscherine ^Bradycellus mannerheimi Sahlberg); Osimus Motschulsky (Acinopus ammophilus

Dejean); Motschulsky ("Harpalus optahiWs Dejean); PXatus, Motschulsky ("Harpalus calci-

trapus Motschulsky). Type species are listed for all remaining formal supra-specific taxa.

Neophygas is proposed as replacement name for Phygas Motschulsky, 1848, a junior homonym
o/Phygas Trietschke, 1833.

Pseudokareya Schauberger is declared a nomen nudum because Schauberger (1933) did not

designate a type species.

Csiki (1932) treated as junior homonyms 12 genus group names which in fact were only subse-

quent misinterpretations of the original names. These 12 combinations have no taxonomic status,

need no type species, and future workers need not refer to them as separate taxa. They are;

Acupalpus Thomson (not Latreille); Aepus LeConte (not Samouelle); Asmerinx Reitter (not Tschi-

tscherine); BradycQllus Motschulsky (not Erichson); Cratognathus Per/y (not Dejean); Cratognathus

Wollaston (not Dejean); Dichirus Seidlitz (not Mannerheim); Dioryche Peringuey (not MacLeay);

Ditomus Solier (not Bonelli); Tachycellus Ganglbauer (not Morawitz); Tachycellus Horn (not Mora-

witz); Tachycellus Seidlitz (not Morawitz).

New synonyms ofStenolophidae Kirby (the subtribe Stenolophina of this paper) are; Acupalpini

Tschitscherine; Anthracini Schuler; Cratocarini Casey; Dichirotrichi Burmeister; Hippolaetina Basil-

ewsky; Pachytracheli Csiki. New synonyms ofHarpalii Bonelli (the subtribe Harpalina of this paper)

are: Acinopidae Laporte; Amblystomini Fauvel; Bleusei Antoine; Bradybaeni Csiki; Cratacanthi

Lindroth; Daptini LeConte; Dioctini Csiki; Diorychi Csiki; Ditomici Bonelli; Eriotomi Antoine;

Granigeri Antoine; Heteracanthi Csiki; Machozeti Csiki; Pachycarina Stichel.

New genus group synonyms are (junior synonyms listed first); Africobatus Basilewsky and Siopelus

Murray; Anoplogenius Chaudoir and Loxoncus Schmidt-Goebel; Carbanus Andrewes and Trichotichnus

Morawitz; Cratocara LeConte and Polpochila Solier; Eriocypas Tschitscherine and Oedesis Motschulsky;

Eriotomus Piochard de la Brulerie and OediQSAS, Motschulsky

;

Heterohyparpalus Basilewsky and

Parophonus Ganglbauer; Wypaxpahxs Alluaud and Parophonus Ganglbauer; h\os.Qpus Basilewsky and

* Present address: Department of Invertebrate Zoology, Milwaukee Public Museum, 800

West Wells St., Milwaukee, Wisconsin 53233.
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I
Siopclus Murray ; M^tarpalus Jeannel and Kxmotovad. Dejean; NqosiopqIus Basilewsky and Siopelus;

Murray; Orinophonus Alluaud and Siopelus Murray; Pardileus Des Gozis and Flatus Motschulsky;

Tukyellus Basilewsky and Parasiopelus Basilewsky.
\

Axinotoma basilewskyi is proposed as a new name for Neosiopelus kilimanus Basilewsky,
|

1962, a junior secondary homonym o/Orinophonus kilimanus A 191 7.
|

Trachysarus neopallipes is proposed as a new name for Acupalpus pallipes Germain, 1855,

a junior primary homonym of Acupalpus pallipes Dejean, 1829.

Notes are provided on important faunal works useful in identification of harpalines.

Dans cette revue mondiale des taxa supra-specifiques de la tribu des Harpalini nous recon-

naissons 4 sous- tribus: Pelmatellina; Anisodactylina; Stenolophina; Harpalina. Nous classifions

avec les synonymes associes du genre-groupe 232 des 238 genres et sous-genres valides et 9

espece-groupes (classe non formalisee equivalent du sous-genre). Six genres sont de positions

incertaines, et aussi ne sont pas places dans les sous-tribus. Nous evaluons la situation taxono-

mique des especes de chaque taxon supra-specifique, et nous pourvoyons une liste des meilleures

revisions des especes de ces taxa.

Nous avons designe Vespece-type des taxa supra-specifiques suivants; Athrostictus Bates

( Athrostictus sericatus Bates); Batoscelis Dejean ( Agonoderus oblongus Dejean); Conicus Mot-

schulsky ("Harpalus VLCwminMus, Motschulsky ); Dixus ("Scarites bucephalus Olivier);

Motschulsky Hdarpalus pviAor Motschulsky)

;

Euthenarus Bates ("Euthenarus brevicollis

Bates); Harpaloxys THarpalus cardioderus Neopangus Tschitscherine fNeopangus

breviformis Tschitscherine); Nesacinopus Tschitscherine ^Cratognathus pelagicus Wollaston);

OQdQsis, Motschulsky ("Ditomus causasicus Z)c/czzzzE’ OoiAus Motschulsky f^Elarpalus taciturnus

Dejean); Oosoma A^czYzzcr TOosoma arenaria Me/^zzcrA’ Oreoxenus Tschitscherine fBradycellus

mannerheimi iSzz/z/hcr^A' OAvnus Motschulsky ^Acinopus ammophilus Dc/czzzrJ; Pheuginus A/oE

schulsky ^^Harpalus optabilis De/eazzE' VlMus, Motschulsky ("Harpalus calcitrapus Mo^^c/ztz/^AyA

Nous avons denote Vespece-type de tous les autres taxa supra-specifiques formels.

Nous proposons Neophygas comme remplacement du nom Motschulsky
, 1848, un

homonyme recent de Phygas Trietschke, 1833.

Nous declarons Pseudokareva Schauberger un nomen nudum car Schauberger n’a pas de-

signe une espece-type.

Csiki (1932) a traite comme homonymes recents 12 noms du genre-groupe qui, en fait, sont

simplement des noms originaux interpretes par la suite incorrectement. Ces nouvelles combin-

aisons n’ont aucune valeur taxonomique, ne requierent aucune espece-type, et peuvent etre

ignorees dans le futur. Elies sont; Acupalpus Thomson (nee Latreille); Aepus LeConte (nee

Samouelle); As,mQV\nx Reitter (nee Tschitscherine); Bradycellus A/o/5c/zzzMy (nee Erichson);

Cratognathus Perty (nee Dejean); Cratognathus Wollaston (nee Dejean); Dichirus Seidlitz (nee

Mannerheim); Dioryche Peringuey (nee MacLeay); Ditomus Sober (nee Bonelli); Tachycellus

Ganglbauer (nee Morawitz); Tachycellus Horn (nee Morawitz); Tachycellus Seidlitz (nee Mora-

witz).

Les nouveaux synonymes dans les Stenolophidae Kirby (la sous-tribu des Stenolophina dans

cette publication) sont; Acupalpini Tschitscherine; Anthracini Schuler; Cratocarini Casey ; Dichiro-

trichi Burmeister; Hippolaetina Basilewsky; Pachy tracheli Csiki. Les nouveaux synonymes des

Harpalii Bonelli (la sous-tribu Harpalina de cette publication) sont; Acinopidae Laporte; Ambly-

stomini Fauvel; Bleusei Antoine; Bradybaeni Csiki; Cratacanthi Lindroth; Daptini LeConte;

Dioctini Csiki; Diorychi Csiki; Ditomici Bonelli; Eriotomi Antoine; Granigeri Antoine; Hetera-

canthi Csiki; Machozeti Csiki; Pachycarina Stichel.

Les nouveaux synonymes des genre-groupes sont (nous inscrivons en premier les synonymes

recents); MncohMus, Basilewsky et Siopelus A/tzrray; Anoplogenius Chaudoir et Loxoncus

Schmidt- Goebel; Czivhzinm Andrewes et Trichotichnus MorawzYz; Cratocara LeConte et Polpo-

chila Sober; Eriocypas Tschitscherine et Motschulsky ; Eiiotomus Piochard de la Brulerie
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et OtdQsis Mo tschulsky; Heterohyparpaliis et Parophonus Ganglbauer; Hyparpalus

AUiiaiid et Parophonus Ganglbauer; hiosQyus Basilewsky et Siopelus A/z/rra.v; Metarpalus

Jeannel et Xxmotom^LDejean; Neosiopelus Basilewsky et Siopelus7f/z/rray; Orinophonus

Alluaud et SioyAus, Murray

;

Pardileus Gozis et Motsehulsky ; JukyoWus Basilewsky

et Parasiopelus Basilewsky.

Nous proposons Axinotoma basilewsky comme nouveau nom pour Neosiopelus kilimanus

Basilewsky, 1962, un homonyme reeent secondaire de Orinophonus kilimanus A 1917.

Nous proposons Trachysarus neopallipes comme nouveau nom pour Acupalpus pallipes

Germain, 1855, un homonyme reeent primaire r/’Acupalpus pAWyQS Dejean, 1829.

Nous denotons les travaux faunique les plus importants dans Videntifieation des harpalini.
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INTRODUCTION

The tribe Harpalini is a diverse ( 238 genera and subgenera, approximately 2,000 species)

group of carabid beetles present in all 6 of the faunal regions discussed by Darlington (1957).

Many genera and subgenera are similar in appearance, and workers have had great difficulty in

determining phylogenetic relationships among its supra-specific taxa. Ball (1960a) commented

that members of the tribe seem sufficiently varied to suggest they represent a number of distinct

lines of evolution but are sufficiently uniform to make decisions difficult as to what the lineages

are, and thus as to how to classify the group.

The result of the above has been nomenclatural chaos, especially for supra-specific taxa; this

has made difficult selection of phylogenetically related taxa (from species to subtribes) for study

and has discouraged work on the tribe. The purpose of this paper is to clarify the supra-specific

classification and stimulate research on harpalines by grouping genera into hopefully monophyletic

subtribes, providing a diagnosis for each subtribe, resolving supra-specific nomenclatural problems,

listing and where necessary designating type species for each formal genus group, evaluating taxo-

nomic knowledge of the species of each valid supra-specific taxon, listing the most useful species

revisions, and providing information on identification of harpalines.

CLASSIFICATION

The Tribe Harpalini

Harpalii Bonelli, 1810; Tabula Synoptica.

Quaest. Ent, 1976 12 (1)
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Diagnosis. - Head with 1 seta over each eye. Mandibles without setae in scrobes. Antennae inserted on sides of head

directly between eyes and mandible bases; articles 3 to 11 or 4 to 11 covered with fine short setae; articles 1 to 2 or 1 to 3

each with ring of setae at apices only. Labial palpi with terminal articles subequal in size to penultimate articles. Fore coxal

cavities closed and uniperforate. Mid coxal cavities entirely enclosed by sterna; mesepimera not extended to mid coxal cavities.

Fore tibiae with inner spurs terminal, outer spurs subapical; both spurs more or less associated with antennal cleaner. ScuteUum

of mesothorax exposed. Elytra without plicae near apices. Abdomen with 6 visible sterna. Median lobe of male genitalia with

basal bulb well developed in most taxa; shaft immediately distal to basal bulb strongly arcuate in most taxa. Parameres of

male genitalia short and broad, conchoid, or oviform; similar in shape except right one smaller; without setae in most taxa.

Discussion. — The only recent attempt to classify genera and subgenera of harpalines into

subtribes on a worldwide basis was that by Csiki (1932) in the Coleopterorum Catalogus. No
reasons were given for the proposed arrangements. Subsequent workers dealt with harpalines

of only specific areas of the world but agreed that the system proposed by Csiki does not pro-

perly classify the genera and subgenera.

A worldwide system of classification is needed in order to group genera and subgenera into

hopefully monophyletic units which workers can select for study. Van Emden (1953) proposed

a classification of Neotropical harpalines in which Neotropical genera were grouped into 5 sub-

tribes. Ball (1960a, 1960b, 1963, 1968) and Lindroth (1968) used van Emden’s system to

classify North American harpalines, and Darlington (1968) applied the system to New Guinea

forms.

I believe the system proposed by van Emden (1953) can with modifications be used in con-

structing a worldwide classification of the harpalines. I propose in this paper a system which

groups the genera into 4 subtribes. The taxa of each subtribe and the subtribes themselves are

arranged in a provisional phylogenetic order based on my studies and on published studies and

personal suggestions from other workers. Lindroth (1968) placed species of several North Amer-

ican genera in informal groups of possibly equal weight to subgenera but not formally named

as subgenera. Where subgeneric names are not available, I list such groups by the informal names

used by Lindroth (1968). Designation of formal subgeneric names for these groups should be

done only in conjunction with detailed revisions of them. Species revisions listed for the various

supra-specific taxa are based on references in Csiki (1932), on examination of the Zoological

Record through 1970, and on personal knowledge of the literature on Carabidae. Some revisions

published since 1970 may be missing.

Genus group-author combinations without taxonomic status

Csiki (1932) treated as junior homonyms 12 genus group names which in fact were only

subsequent misinterpretations of the original names. These 12 combinations have no taxonomic

status, need no type species, and future workers need not refer to them as separate taxa. They

are: Acupalpus Thomson (not Latreille); Acpi/5 LeConte (not SamouellQ)
;
Asmerinx Reitter

(not Tschitscherine); Bradycellus Motschulsky (not Erichson); Cratognathus Perty (not Dejean);

Cratognathus Wollaston (not Dejean); Seidlitz (not Mannerheim); Dzoryc/ze Peringuey

(not MacLeay); Ditomus Solier (not Bonnelli); Tachycellus Ganglbauer (not Morawitz); Tachy-

cellus Horn (not Morawitz); Tachycellus Seidlitz (not Morawitz).

The Subtribe Pelmatellina

Pelmatellinae Bates, 1882: 67.

Diagnosis. - Mentum and submentum separated by complete transverse suture. Penultimate articles of labial palpi each

with 2 or 3 setae on anterior margin. Apex of prostemal lobe without setae. Fore tarsi of all males and mid tarsi of some males

with 1 or more of first 4 articles laterally expanded and with ventral spongy pubescence.

Distribution. —Taxa are concentrated in the Neotropical and Australian Regions; 2 species

of Pelmatellus enter the Nearctic Region.
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Supra-specific taxa. —

Nemaglossa Solier

Nemaglossa Solier, 1849; 215. Type Species: Nemaglossa brevis Solier, by original designation

and monotypy.

Nematoglossa Gemminger and Harold, 1868: 385. (invalid emendation).

This monobasic genus occurs in Chile.

Lecanomerus Chaudoir

Lecanomerus Chaudoir, 1850: 446. Type Species: Lecanomerus insidiosus Chaudoir, by

monotypy.

Thenarotes Bates, 1878c: 320. Type Species: Thenarotes tasmanicus Bates, by monotypy.

This genus contains 35 species in the Australian Region.

Darlington (1968) provided a key to the New Guinea species. A revision is needed.

Pelmatellus Bates

Pelmatellus Bates, 1882: 68; Type Species; Pelmatellus nitescens Bates, designated by Goulet,

1974: 84.

subgenus Thenarellus Bates

Thenarellus Bates, 1882: 69. Type Species: Thenarellus leucopus Bates, by monotypy.

Goulet (1974) revised the 2 species of this Neotropical subgenus.

subgenus Pelmatellus Bates

Pelmatellus Bates, 1882: 68. Type Species; Pelmatellus nitescens Bates, designated by Goulet,

1974; 84.

Goulet (1974) revised the 9 North and Middle American species. South America contains

4 additional named forms; study of the South American fauna will probably result in descrip-

tion of new species.

Notospeophonus Moore

Notospeophonus Moore, 1962: 188. Type Species: Notospeophonus castaneus Moore, by

original designation and monotypy.

This Australian genus contains 3 cave dwelling species. Original descriptions (Moore, 1962,

1964) aid in identification.

Syllectus Bates

Syllectus Bates, 1878a: 191. Type Species: Syllectus anomalis Bates, by monotypy.

This monobasic genus occurs in New Zealand.

Quaest. Ent., 1976 12 (1)
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Trachysarus Reed

Trachysanis Reed, 1874: 62. Type Species; Aciipalpus pallipes Germain, designated by Straneo,

1955: 138. Trachysanis neopallipes here proposed as replacement name for /I. pallipes

Germain, 1855, a junior primary homonym of pallipes Dejean, 1829.

Straneo (1955) provided a key to the 8 species, all endemic to Islas Juan Fernandez, and

declared that a ninth species, T. antarcticus Reed from Valdivia, Chile probably does not belong

to the genus.

The Subtribe Anisodactylina

Anisodactylides Lacordaire, 1854: 257, 268.

Eurytrichini LeConte, 1847: 376.

Anisotarsi Csiki, 1932; 1039.

Geopini Csiki, 1932: 1026.

Gnathaphani Schauberger, 1934a; 104.

Diagnosis. - Mentum and submentum separated by complete transverse suture, fused laterally but separated medially, or

completely fused. Mentum of aU species but Rhysopus klynstrai Andrewes (which lacks setae) with 1 seta each side of median

area of apex; when tooth present, such seta situated at each side of tooth base. Submentum of all species but Phanagnathus

overlaeti Burgeon with 1 long inner and 1 short outer seta on each side (inP. overlaeti with only 1 long seta on each side).

Ligula narrow or expanded at apex; with 2 distal ventral setae; additional setae present in species oi Pseudanisotarsus and

Progonochaetus. Paraglossae membranous; glabrous in most taxa. Penultimate articles of labial palpi each with 3 or more

setae on anterior margin. Fore tarsi and mid tarsi of some male Progonochaetus jeanneli Basilewsky and of some male Dicheirus

dilatatus angidatus Casey with articles 1 to 4 or 2 to 4 laterally expanded and with ventral spongy pubescent vestiture. Fore

tarsi of males of aU other species and mid tarsi of males of most other species with articles 1 to 4 or 2 to 4 laterally expanded

or biseriate beneath. Median lobe arcuate, symmetrical, and with ostium dorsal in position in most species; dorsal membranous

area various. Species of varied sizes, approximately 5 to 20 mm.

Distribution. — Species of this subtribe are found in all 6 faunal regions.

Discussion. - Arrangement and definition of the 40 valid supra-specific taxa follows that of

my 1973 revision of the subtribe and my 1974 paper on Allendia Noonan, except that Parabaris

Broun and Gaioxenus Broun are here treated by me as members of the subtribe.

Supra-specific taxa. —

Allocinopus Broun

Allocinopus Broun, 1903; 607. Type Species: Allocinopus sculpticollis Broun, by monotypy.

This endemic New Zealand genus contains 5 species; a revision is needed.

Triplosarus Bates

Triplosanis Bates, 1874: 270. Type Species: Triplosarus fulvescens Bates, by monotypy.

This endemic New Zealand genus contains 2 named forms which may be conspecific; a

revision is needed.

Crasodactylus Guerin-Meneville

Crasodactylus Guerin-Meneville, 1847: 50. Type Species: Crasodactylus punctatus Guerin-

Meneville, by monotypy.

This genus contains C. indicus Andrewes from western India and C. punctatus Guerin-

Meneville which inhabits sandy areas from western India south to the mountains of Kivu
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in the Zaire Republic.

Cenogmiis Sloane

Cenogmus Sloane, 1898: 456, 457, 460. Type Species: Cenogmiis castelnaui Csiki, designated

by Noonan, 1973: 287.

This genus contains 2 Australian species and one found in Australia and Tasmania. Additional

undescribed species may exist; a revision is needed.

Parabaris Broun

Parabaris Broun, 1881: 654. Type Species: Parabaris atratus Broun, by monotypy.

This monobasic genus occurs in New Zealand.

Gaioxenus Broun

Gaioxenus Broun, 1910: 7. Type Species: Gaioxenus pilipalpis Broun, by monotypy.

This monobasic genus occurs in New Zealand.

Hypharpax W. S. MacTeay

Hypharpax W. S. MacLeay, 1825: 22. Type Species: Harpahis (Hypharpax) lateralis W. S.

MacLeay (
= Hypharpax dentipes Wiedemann), by monotypy.

Sagraemerus Redtenbacher, 1868: 13. Type Species: Sagraemerus javanus Redtenbacher

(
= Hypharpax dentipes Wiedemann), by monotypy.

This genus is distributed from Tasmania, through Australia to New Guinea, the Celebes,

Java and Sumatra, and also occurs in New Zealand; most of the 30 species are in Australia. A
revision is needed.

Gnathaphanus W. S. MacLeay

Gnathaphanus W. S. MacLeay, 1825: 20. Type Species: Treclnis (Gnathaphanus) vulneripennis

W. S. MacLeay, by monotypy.

Pachauchenius W. J. MacLeay, 1864: 1 16. Type Species: Pachauchenius laevieeps W. J. MacLeay

{ = G. melbournensis Laporte), by monotypy.

Mirosarus Bates, 1878c: 319. Type Species: Mirosarus insularis Bates {- G. melbournensis

LaPorte), by monotypy.

Microsarus. — typographical error in index (p. 617) to journal in which Bates, 1878c, published

original description of Mirosarus.

Iwosiopelus Nakane & Ishida, 1959: 137. Type Species: Iwosiopelus musudai Nakane & Ishida,

by monotypy.

Most of the 25 species are endemic to or at least centered in the Australian Region; a few

extend from the Australian Region to the Oriental, and four occur in extreme eastern portions of

the Palaearctic Region. See Darlington (1968) for a key to New Guinea species and (1969) for

those of Micronesia, and Habu (1973) for the 2 Japanese forms. A revision is needed.
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Pseudaniso tarsus Noonan

Pse lidaniso tarsus Noonan, 1973: 280, 290. Type Species: Anisotarsus nicki van Emden, by

original designation and monotypy.

The single included species is known from southern South America.

Allendia Noonan

AUendia Noonan, 1974: 220. Type Species: Harpalus chilensis Sober, by original designation

and monotypy.

The single species occurs in southwestern South America.

Criniventer van Emden

Criniventer van Emden, 1953: 519. Type Species: Anisodactylus rufus Brulle, by original

designation and monotypy.

The single species lives in Argentina, Chile, and Uruguay, South America.

Notiobia Perty

Notiobia Perty, 1830: 13. Type Species: Notiobia nebrioides Perty, by monotypy.

subgenus Anisotarsus Chaudoir

Anisotarsus Chaudoir, 1837: 41. Type Species: Anisotarsus brevicollis Chaudoir, designated

by van Emden, 1953: 519.

Diaphorornerus Chaudoir, 1843: 402. Type Species: Diaphoromerus iridipennis Chaudoir, by

monotypy.

Eiirytrichus LeConte, 1847: 387. Type Species: Feronia terminata Say, designated by van

Emden, 1953: 525.

Stilbolidus Casey, 1914: 171, 206. Type Species: Harpalus mexicanus Dejean, by original

designation.

This subgenus contains 25 species in the New World and 31 in the Australian Region. Noonan

(1973) revised the 13 species of North and Central America; the remaining species need study.

subgenus Perty

Notiobia Perty, 1830: 13. Type Species: Notiobia nebrioides Perty, by monotypy.

Rhagodactylus Chaudoir, 1835: 431. Type Species: Rhagodactylus brasiliensis Chaudoir

(
= Notiobia nebrioides Perty), by monotypy.

Batrachion Chevrolat, 1842: 500. Type Species: Notiobia limbipennis Bates, designated by

Noonan, 1973: 321.

Batrachium Agassiz, 1847: 44. (invalid emendation of Batrachion).

Noonan (1973) revised 9 North American and 1 Central American species. The 17 remaining

named forms, from Central and South America, need revision.
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subgenus Diatypus Murray

Diatypus Murray, 1858; 343. Type Species: Diatypus dohrnii Murray, designated by Jeannel,

1946; 158.

Dichiropsis Jeannel, 1946; 157, 158. Type Species: Anisodactylus picinus Chaudoir, by original

designation.

Paradiatypus Basilewsky, 1950: 19. Type Species: Diatypus smithi Murray, by original desig-

nation.

Basilewsky (1950) provided keys for identification of the 10 species of this Ethiopian subgenus.

Anisostichus van Emden

Anisostichus van Emden, 1953: 520. Type Species; Harpalus laevis Curtis, by original designation.

Van Emden (1953) provided a key to the 4 species of this southern South American genus.

Scybalicus Schaum

Scybalicus Schaum, 1862: 1 18. Replacement name for Apatelus Schaum. Type Species:

Harpalus oblongiusculus Dejean, since Article 67(i) of the International Code of Zoological

Nomenclature states that the replacement genus name must have the same type species as

the original one.

Apatelus Schaum, 1860: 560. Type Species: Harpalus oblongiusculus Dejean, by monotypy.

{Apatelus Schaum, 1860 is a junior homonym of Apatelus Mulsant and Rey, 1859).

Bedel (1895-1900) provided keys to 2 of the 3 species in this Palaearctic genus.

Progonochaetus Muller

Progonochaetus Muller, 1938; 245. Type Species: Anisodactylus xanthopus Dejean, by original

designation.

subgenus Progonochaetus G. Muller

Progonochaetus }A\x\\qt, 1938; 245. Type Species: Anisodactylus xanthopus \)Q]Qdin, by ori^neA

designation.

Dichaetochilus Basilewsky, 1946a: 67. Type Species: Selenophorus aeruginosus Dejean, by

original designation.

Oligoxemus Basilewsky, 1948a: 66. Type Species; Anisodactylus limbatus Quendenfeldt, by

original designation and monotypy.

This subgenus contains 39 species. See Basilewsky (1950) for a key to the 38 Ethiopian

species; the single Oriental species, P. laevistriatus Sturm, is distinguished from the others by it

its geographical distribution.

subgenus Eudichirus Jeannel

Eudichirus Jeannel, 1946: 158. Type Species; Anisodactylus ochropus Dejean, by original

designation.

Rasnodactylus Basilewsky, 1946c: 171. Type Species: Rasnodactylus jeanneli Basilewsky, by

original designation.
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Basilewsky (1950) provided a key to the 3 species of this Ethiopian genus.

Phanagnathus Basilewsky

Phanagnathus Basilewsky, 1950: 35. Type Species: Anisodactylus overlaeti Burgeon, by original

designation and monotypy.

Basilewsky (1950) provided keys for identification of this monobasic Ethiopian genus.

Pseudognathaphanus Schauberger

Pseudognathaphanus Schauberger, 1932b: 57. Type Species: Harpalus punctilabris W. S.

MacLeay, by original designation.

Protognathus Basilewsky, 1950: 14, 36. Type Species: Anisodactylus zabroides Alluaud, by

original designation.

This genus contains 2 species on Madagascar and 6 in the Oriental Region. Basilewsky (1950)

provided keys to the 2 Madagascar species, and Jedlicka (1957), to the Oriental species.

Chydaeus Chaudoir

Chydaeus Chaudoir, 1854: 343. Type Species: Chydaeus obscurus Chaudoir, by monotypy.

Acrogeniodon Tschitscherine, 1897b: 65. Type Species: Acrogeniodon bedeli Tschitscherine,

by monotypy.

Hayekius Habu, 1955:35. Type Species: Ophonus constrictus Bates, by monotypy.

This genus contains 20 species concentrated in southern China, northern India, Tibet, and

Sikkim, with some found as far toward Australia as New Guinea. Schauberger (1934b) provided

a key to species then known and Habu (1973), to Japanese species. Additional species have been

described since Schauberger’s study; a revision of all species is needed.

Harpalomimetes Schauberger

Harpalomimetes Schauberger, 1933a: 133. Type Species: Anisodactylus sjostedti Andrewes,

by original designation.

This genus contains 2 species: H. sjostedti from Sumatra and the Philippines; and H. andrewesi

Schauberger from Indochina and Japan. Both Tanaka (1958) and Habu (1973) have redescribed

the latter species.

Rhysopus Andrewes

Rhysopus Andrewes, 1929: 358. Type Species: Rhysopus klynstrai Andrewes, by monotypy.

The single species lives in Java, Sumatra, and the Tonkin area of Indochina.

Xestonotus LeConte

Xestonotus LeConte, 1853: 382, 383. Type Species: Selenophorus lugubris Dejean, by mono-

typy.

The single species lives in southeastern Canada and the eastern United States.
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Anisodactylus Dejean

Anisodactylus Dejean, 1829a: 4, 132. Type Species: Carabus binotatus Fabricius, designated

by Westwood, 1838: 4.

This is the largest genus in the subtribe, contains 10 subgenera and 54 species, and occurs

in North America, Europe, Asia, and northern Africa.

suhgQuus Anisodactylus Dejean

Anisodactylus Dejean, 1829a: 4, 132. Type Species: Carabus binotatus Fabricius, designated

by Westwood, 1838: 4.

Cephalogyna Casey, 1918: 414. Type Species: Anisodactylus lodingi Schaeffer, by monotypy.

This subgenus contains 25 species, is the most widespread subgenus of Anisodactylus, and

occurs in all areas listed above for the genus. The following regional studies aid in species identi-

fication: Habu (1973) for Japan; Jeannel (1942) for France; Lindroth (1961, 1968, 1974) for

Sweden, North America and Britain respectively; Fuel (1931) for the Palaearctic Region; and

Habu (1973) and Tanaka (1958) for Japan and adjacent parts of Korea and China. Only two

species, A. karennius Bates, and A. pueli Schauberger are not treated in one of these regional

studies. Noonan (1973) provided information on identification of the former species. A key

to all species would be useful.

subgenus Pseudanisodactylus Noonan

Pseudanisodactylus Noonan, 1973: 284, 351. Type Species: Anisodactylus punctatipennis

Morawitz, by original designation.

Habu (1973) and Tanaka (1958) provided keys to the 2 species of this Palaearctic subgenus,

subgenus Pseudhexatrichus Noonan

Pseudhexatrichus Noonan, 1973: 282, 352. Type Species: Anisodactylus dejeani Buquet, by

original designation.

See Fuel (1931) for a key to the 2 species of this Palaearctic subgenus.

subgenus Hexatrichus Tschitscherine

Hexatrichus Tschitscherine, 1898a: 138. Type Species: Harpalus poeciloides Stephens, designated

by Jeannel, 1942: 602.

Jeannel (1942) provided a key to 2 of the 3 species of this Palaearctic subgenus; Jedlicka (1942)

described the third species, A. mandschuricus.

subgenus Pseudodichirus Lutshnik

Pseudodichirus Lutshnik, 1921: 3. Type Species: Anisodactylus intermedius Dejean, by monotypy.

This subgenus contains only the type species, which occurs around the Mediterranean basin.
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subgenus Gynandro tarsus LaFerte-Senectere

Gynandrotarsus LaFerte-Senectere, 1841: 202. Type Species: Gynandro tarsus harpaloides

LaFerte-Senectere, by monotypy.

Triplectrus LeConte, 1847: 381. Type Species: Harpalus rusticus Say, designated by Lindroth,

1968: 843.

Noonan (1973) revised the 10 species of this Nearctic subgenus.

subgenus Anadaptus Casey

Anadaptus Casey, 1914: 171, 203. Type Species: Anisodactylus discoideus Dejean, designated

by Lindroth, 1968: 838.

This subgenus contains 8 named species. Lindroth (1968) provided a key to the 7 species

found in Canada and the United States. The eighth species, Anisodactylus rotundangulus Bates,

occurs in central Mexico. The species need additional study.

subgenus Spongopus LeConte

Spongopus LeConte, 1847: 377. Type Species: Spongopus verticalis LeConte, by monotypy.

This monobasic subgenus occurs in southeastern Canada and eastern United States.

subgenus Aplocentrus LeConte

Aplocentrus LeConte, 1847: 385. Type Species: Harpalus caenus Say, designated by Lindroth,

1968: 857.

Haplocentrus LeConte, 1863: 12. (Typographical error).

Lindroth (1968) provided a key to the 2 species of this Nearctic subgenus.

^uhgQmxs Pseudaplocentrus Noonan

Pseudaplocentrus Noonan, 1973: 282, 377. Type Species: Harpalus laetus Dejean, by original

designation and monotypy.

This monobasic subgenus occurs in eastern United States.

Geopinus LeConte

Geopinus LeConte, 1847: 371. Type Species: Daptus incrassatus Dejean, by monotypy.

This monobasic genus occurs in southern Canada and the eastern half of United States.

Amphasia Newman

Amphasia Newman, 1838: 388. Type Species: Amphasia fulvicollis Newman {= A. interstitialis

Say), by monotypy.

Amphasius Hope, 1838: 89. Typographical error.

Lindroth (1968) provided a key for identification of each of the single species in the 2 sub-

genera of this Nearctic genus.
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subgenus Pseudarnphasia Casey

Pseiidamphasia Casey, 1914; 171, 195. Type Species: Harpahis sericeus Harris, by original

designation and monotypy.

subgenus Amphasia Newman

Amphasia Newman, 1838; 388. Type Species: Amphasia fulvicollis Newman (
= A. interstitialis

Say), by monotypy.

Gynandromorphus Dejean

Gynandromorphus Dejean, 1829a: 5, 186. Type Species; Carabus etruscus Quensel, by monotypy.

Morphogynandriis Carret, 1905: 122. Type Species: Gynandromorphus peyroni Carret, by

monotypy.

This Palaearctic genus contains 2 species. Carret (1905) described G. peyroni from Syria and

the Transcaspian area, and Jeannel (1942) redescribed G. etruscus found in southern and

middle Europe.

Diachromus Erichson

Diachromus Erichson, 1837: 43. Type Species: Carabus germanus Einnaeus, by monotypy.

This monobasic genus occurs in England, middle and southern Europe, and the Mediterranean

basin.

Dicheirus Mannerheim

Dicheirus Mannerheim, 1843: 211. Type Species: Harpahis dilatatus Dejean, designated by

Chenu, 1851: 126.

Agassiz, 1847: 1 22. (invalid emendation).

Noonan (1968) revised the 5 species of this Nearctic genus.

The Subtribe Stenolophina

Stenolophidae Kirby, 1837: 46.

Polpochilinae Bates, 1891b; 10. NEW SYNONYMY.
Acupalpini Tschitscherine, 1900b: 342, 351, 361. NEW SYNONYMY.
Cratocarini Casey, 1914; 48, 299. NEW SYNONYMY.
Agonoderi Csiki, 1932; 1188.

Brady celli Csiki, 1932; 1222.

Pachytracheli Csiki, 1932: 1082. NEW SYNONYMY.
Dichirotrichi Burmeister, 1939: 186. NEW SYNONYMY.
Hippolaetina Basilewsky, 1951: 1 18, 258.

Anthracini Schuler, 1969: 1 13, 1 14. NEW SYNONYMY.

Diagnosis. - Mentum and submentum separated by complete transverse suture in most species. Mentum of most species

with 1 seta on each side of median area; mental tooth present or absent. Submentum with 1 or 2 setae at each side. Ligula

narrow; 2 distal ventral setae. Paraglossae glabrous. Penultimate articles of labial palpi each with 2 or 3 setae on anterior margin.

Fore tarsi and in many specimens also mid tarsi of male with articles 1 to 4 or 2 to 4 laterally expanded and with ventral bi-
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seriate vestiture; fore and mid tarsi of male unmodified in species oi Batoscelis, Pachy track elus, Nothodaptus. Median lobe of

male genitalia with dorsal membranous area long, extended to basal bulb in most forms; ostium dorsal in position in most

species. Species generally small, less than 10 mm in length.

Distribution. — Species of this subtribe are most numerous in the Palaearctic, Nearctic, and

Ethiopian Regions and much less abundant in the Oriental and Neotropical Regions. The Austra-

lian Region contains 2 small endemic genera; species of several other genera occur in the Austra-

lian Region, but these species are either primarily centered in the Oriental Region and extending

only into the fringe of the Australian Region or are Australian-centered species presumably de-

rived from Oriental stocks.

Discussion. - Jeannel (1942) divided Stenolophina (as here defined) into the tribes Stenolo-

phini, Bradycellini, and Acupalpini. Basilewsky (1950, 1951) divided it into the tribes Stenolo-

phini, Hippolaetini, and Pachytrachelini, and divided Stenolophini into the subtribes Stenolo-

phina, Bradycellina, Acupalpina, and Hippolaetina. The subtribes of Jeannel (1942) and the first

3 subtribes of Basilewsky’s Stenolophini were each centered around Stenolophus, Brady cellus,

and Acupalpus respectively. The primary character defining the groups centered on these three

genera was the arrangement of setigerous foveate punctures of the ninth elytral interval.

Lindroth (1968) observed the following. The position of these punctures within the genera

and even among individuals of single species is more variable than thought and not stable enough

to separate North American specimens into genera. The most useful of the “puncture characters”,

separation of the posterior group into two 4 + 4 groups separated by a pronounced gap, is con-

stant in the genus Stenolophus and its closest Palaearctic relatives but is not stable for other

North American forms since most members of the subgenus Triliarthrus (genus Bradycellus)

show a definite tendency in the same direction. And the total number of the posterior group

of punctures and the position of the last puncture of the anterior group, used by Jeannel (1942)

in separating genera related to Bradycellus and Acupalpus respectively, are inconstant and

of little value.

Jeannel (1942) and Basilewsky (1950, 1951) also emphasized the more ventral position of

the left paramere as being restricted to Acupalpus and related genera. Lindroth ( 1 968) agreed

that this feature, as well as the rounded non-truncate tip of both parameres seemed to separate

Acupalpus from Stenolophus but not from North American Bradycellus, in which intermediate

forms of both features are found.

Basilewsky (1950, 1951) based the subtribe Hippolaetina (of his tribe Stenolophini) on the

genus Hippolaetis whose sole species lacks clypeo-ocular prolongations on the frons of the head.

Such structures vary considerably within the tribe Harpalini (even intraspecifically in some genera)

and are not stable enough to warrant separate subtribal status iov Hippolaetis.

Basilewsky (1950, 1951) ranked Batoscelis and Pachy trach elus in Pachytrachelini, a tribe sep-

arate from his Stenolophini. Justification for such ranking was that members of these genera

have the fore tibiae enlarged distally and with teeth and also have the male fore and mid tarsi

unmodified. Distal enlargement of the fore tibiae and acquisition of teeth has evolved indepen-

dently, primarily as an adaptation for burrowing, in several harpaline groups (eg. Geopinus of

subtribe Anisodactylina, Euryderus of subtribe Harpalina). Males of several taxa of the subtribe

Harlapina have independently lost the normal lateral expansion and in some instances also the

normal ventral vestiture of the fore and mid tarsi; and (Noonan, 1968) some males of Dicheirus

dilatatus angulatus Casey of the subtribe Anisodactylina have ventral vestiture on the fore and

mid tarsi while others do not. The characters cited by Basilewsky (1950, 1951) are not stable

enough to warrant separate tribal or subtribal rank for Batoscelis and Pachy trachelus.

Van Emden (1953) placed Polpochila, Pogonodaptus, and Paramecus in Cratocarina, a sub-

tribe separated from Stenolophina, by male fore tarsi without ventral vestiture and proximal

articles of fore tarsi with a spine, tooth or stout setulae on the inner distal apices. Variation in

tarsal vestiture has been discussed above. The spines, teeth, or stout setulae described by van
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Emden (1953) vary considerably within the 3 genera he placed in Cratocarina. And the species

of Batoscelis that I have examined have such structures while species of Pachytrachelus do or

do not have them. The characters cited by van Emden (1953) are not stable enough to warrant

separate subtribal status for Polpochila, Pogonodaptus, and Paramecus. Future study may

demonstrate a close phylogenetic relationship of these 3 genera with Batoscelis and Pachytra-

chelus.

A worldwide reclassification and phylogenetic analysis is needed of the supra-specific taxa

of Stenolophina. Since, there is no agreed phytogeny for these taxa, I have listed them in

the following order: (1) those regarded by Jeannel (1942) and Basilewsky (1950, 1951) as

related to Stenolophus together with others I believe may also be so related; (2) those regarded

by Jeannel and Basilewsky as related to Bradycellus together with others I believe may also be

so related; (3) those regarded by Jeannel and Basilewsky as related to Acupalpus together with

others I believe are so related; (4) genus Hippolaetis of Basilewsky ’s subtribe Hippolaetina;

(5) the two genera of Basilewsky’s tribe Pachytrachelini; (6) the 3 genera of van Emden’s sub-

tribe Cratocarina; and (7) taxa whose relationships within Stenolophina are not clear.

Supra-specific taxa. —

Stenolophus Dejean

Stenolophus Dejean, 1821: 15. Type Species: Carabus vaporariorum Linnaeus Fabricius

(
= Carabus teutonus Schrank), designated by Westwood, 1838: 5.

This large genus has species in all 6 faunal regions but is most diverse in the Nearctic, Palae-

arctic, and Ethiopian Regions. A worldwide revision is needed.

subgenus Stenolophus Dejean

Stenolophus Dejean, 1821: 15. Type Species: Carabus vaporariorum Linnaeus Fabricius

(
= Carabus teutonus Schrank), designated by Westwood, 1838: 5.

This subgenus is concentrated in the Nearctic and Palaearctic Regions with 25 species in the

former and 21 in the latter. The number of recognized species in the Nearctic Region will pro-

bably decrease with revision of Casey’s species. The subgenus has 10 Oriental species, 2 Austra-

lian, and 7 Neotropical ones. Two species, S. gonidius Bates and S. volucer Andrewes range from

the Oriental Region to New Guinea. The distribution of one species, S. humeralis Motschulsky,

is not recorded.

The following regional studies aid in identification: Antoine (1959) for Morocco; Bedel (1895-

1900) for northern Africa; Darlington (1968) for New Guinea; Habu (1973) for Japan; Hansen

(1968) for Denmark; Jeannel (1942) for France; Lindroth (1961, 1968, 1974) for Sweden,

northern North America, and Britain respectively; Porta (1923) for Italy; Reitter (1900, 1908)

for Europe and Germany respectively. The subgenus needs revision.

conjunctus species group

Lindroth (1968) placed S. conjunctus Say and 3 other Nearctic species in this group which

he stated to be “isolated from Stenolophus s. str. at least as much as . . . subgenus Agonoderus

. . .
”. Lindroth (1968) provided a key to the 4 included species.

subgenus Agonoderus Dejean

Agonoderus Dejean, 1829a: 4, 49. Type Species: Carabus lineola Fabricius, designated by Brulle,
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1835: 15.

Lindroth (1968) provided a key to the 3 Canadian and to 1 United States species and declared

that a M. S. thesis by J. M. Heading stated the group includes only 3 additional species in the

United States.

subgenus Agonoleptus Casey

Agonoleptus Casey, 1914: 222, 284. Type Species: Agonoleptus parviceps Casey, by mono-
typy.

Casey (1914) proposed Agonoleptus as a distinct genus based on several female S. parviceps

from Colorado in the United States, but his comments suggest that Agonoleptus should be

included in the genus Stenolophus. Further study will probably indicate that S. parviceps be-

longs in the nominate subgenus.

subgenus Astenolophus Habu

Astenolophus Habu, 1973: 342, 365. Type Species: Stenolophus fulvicornis Bates, by original

designation.

Habu (1973) provided a key to the 4 species of this Japanese subgenus.

subgenus Egadroma Motschulsky

Egadroma Motschulsky, 1855: 43. Type Species: Carabiis smaragdulus Fabricius, by monotypy.

This subgenus is concentrated in the Ethiopian Region, with 62 species there; it also contains

5 Palaearctic, 5 Oriental and 4 Australian species. Egadroma quinquepustulatus Wiedemann and

E. smaragdulus Fabricius extend from the Oriental Region to Australia, China and Japan while

E. vestigialis Erichson ranges from Australia to Java and Sumatra and is also on Tahiti.

Basilewsky (1951) provided a key to the 60 Ethiopian species described by 1951. Jeannel

(1942) and Antoine (1959) redescribed the widespread Palaearctic E. marginatus Dejean. Dar-

lington (1968) keyed out New Guinea species, and Habu (1973) did the same for Japanese

species. A worldwide revision is needed; Oriental species especially need study.

Angionychiis Klug

Angionychus Klug, 1853: 248. Type Species. Angionychiis lividus Klug, 1853, by monotypy.

Thaumastonyx Alluaud, 1917b: 245. Type Species: Thaumastonyx insidiosus Alluaud, (
- A.

lividus), by monotypy.

Basilewsky (1951) provided keys for identification of this monobasic Ethiopian genus.

Loxoncus Schmidt-Goebel

Loxoncus Schmidt-Goebel, 1846: plate 3, figure 9, on back cover. Type Species: Loxoncus

elevatus Schmidt-Goebel, by monotypy.

Anoplogenius Chaudoir, 1852: 88. Type Species: Stenolophus alacer DeJean, designated by

Lacordaire, 1854: 304. NEW SYNONYMY.
Megrammus Motschulsky, 1857: 26. Type Species: Megrammus circumcinctus Motschulsky

( = A. cyanescens Hope), by monotypy.

Lepithrix Nietner, 1857: 151. Type Species: Lepithrix foliolosa Nietner( = A. discophorus

Chaudoir), by monotypy.
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Since Schmid t-Goebel (1846) illustrated Loxoncus elevatus, Habu (1973: 395) was incorrect

to declare the name Loxoncus a nomen nudum. Loxoncus is a valid name with priority over

Anoplogenius. (Except for Reitter (1900), the authors mentioned below listed species of Lox-

oncus under the genus-group name of Anoplogenius.)

The genus Loxoncus contains 1 0 Ethiopian species, 3 Palaearctic, 9 Oriental, and one, L.

marginatus W. J. MacLeay, distributed from Sumatra to northern Australia. Basilewsky (1951)

noted that the Ethiopian species live along seashores and in marshes and are often very abun-

dant.

Basilewsky (1951) provided a key to the 9 Ethiopian species described by 1951 and later

(1968b) described a tenth. Habu (1973) redescribed the single species found in Japan. In his

key Reitter ( 1 900) treated the widespread Palaearctic L. procerus Schaum as a member of the

genus Acupalpus. Schauberger (1938) provided a key to the Indo-Oriental species known to

him. The genus needs revision on a worldwide basis.

Egadyla Alluaud

Egadyla Alluaud, 1916; 63, 72. Type Species; Egadyla antelmei Alluaud, by monotypy.

Basilewsky (1951) provided keys for identification of this monobasic Ethiopian genus.

Stenolophidius Jeannel

Stenolophodius Jeannel, 1948; 687, 708. Type Species: Stenolophus terminalis Chaudoir, by

original designation.

Basilewsky (1951) provided a key to the 9 species then known of this Ethiopian genus and

later (1967b) described a tenth.

Bradycellus Erichson

Bradycellus Erichson, 1837: 64. Type Species: Carabus collaris Paykull, proposed by Andrewes,

1935: 20. See discussion under nominate subgenus.

This genus contains 10 subgenera and 3 species groups.

subgenus Liocellus Motschulsky

Liocellus Motschulsky, 1864: 207. Type Species: Acupalpus nitidus Dejean, by original desig-

nation.

Glycerius Casey, 1884: 79. Type Species: Acupalpus nitidus Dejean, by monotypy.

This subgenus contains 9 Nearctic species; Lindroth (1968) provided a key to 2 of these;

Fall (1905) and Casey (1914) may be of assistance in identifying other forms. A revision is

needed.

subgenus Bradycellus Erichson

Bradycellus Erichson, 1837: 64. Type Species: Carabus collaris Paykull, proposed as type species

by Andrewes, 1935: 20. See discussion below.

Tetraplatus Tschitscherine, 1897b: 62, 63. Type Species: Acupalpus similis Dejean {= B. circum-

cinctus Sahlberg), by monotypy.
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Westwood (1838: 6) validly designated Harpalus placidus Gyllenhall as the type species of

Bradycellus Erichson. Andrewes (1935: 20) pointed out that this species is now a member of

Trichocellus Ganglbauer and proposed that Carabus collaris Paykull be accepted as the type

species of Bradycellus to prevent nomenclatural confusion. Subsequent workers such as Jeannel

(1942: 706) and Lindroth (1968: 879) have accepted Andrewes’ proposal. I also accept his pro-

posal, but a ruling is needed from the International Commission on Zoological Nomenclature.

This subgenus contains 1 Nearctic, 14 Neotropical and 10 Palaearctic species. Bradycellus

harpalinus Audinet-Serville, a Palaearctic species, has been introduced into the Vancouver area

of British Columbia, Canada.

The following regional studies aid in identification: Antoine (1959) for Morocco; Bedel

(1895-1900) for northern Africa; Fagel (1936) for Belgium; Hansen (1968) for Denmark;

Jeannel (1942) for France; Lindroth (1961, 1968, 1974) for Sweden, North America, and

Britain respectively; Porta (1923) for Italy; Reitter (1900, 1908) for Europe and Germany

respectively; and Schweiger (1969) for Palaearctic species related to B. harpalinus. A revision

which treats all species is needed.

subgenus Catharellus Casey

Catharellus Casey, 1914: 220, 242. Type Species: Geobaenus cordicollus LeConte {
= B. lecontei

Csiki), by original designation and monotypy.

This subgenus has 1 Nearctic species, B. lecontei Csiki.

subgenus Stenocellus Casey

Stenocellus Casey, 1914: 221, 243. Type Species: Trechus rupestris Say, designated by Lindroth,

1968: 885.

This subgenus includes 3 Neotropical and 31 Nearctic species. A revision is needed; study of

the 21 Casey names will probably result in many new synonyms.

nigriceps group

Lindroth (1968) regarded this group as warranting subgeneric rank, placed 3 Nearctic species

in it, and provided a key to them.

tantillus group

Lindroth (1968) regarded this group as warranting subgeneric rank, placed 8 Nearctic species

in it, and provided a key to them.

nigrinus species group

Liocellus Tschitscherine, 1901: 247. Type Species: Harpalus nigrinus Dejean, by original desig-

nation. (Liocellus Tschitscherine, 1901 is a junior homonym of Liocellus Motschulsky, 1864).

See Lindroth (1968) for a key to the 2 species of this Nearctic group.

subgenus Tachycellus Morawitz

Tachycellus Morawitz, 1862: 235, 261. Type Species: Bradycellus curtulus Motschulsky, by

monotypy.
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Lindroth (1968) concluded that this subgenus contains 2 Palaearctic species, B. curtulus

Motschulsky, and B. grandiceps Bates. Habu (1973) also included B. subditus Lewis and B.

anchomenoides Bates in the subgenus.

subgenus Triliarthrus Casey

Triliarthrus Casey, 1914: 220, 238. Type Species: Stenolophus badipennis Haldeman, desig-

nated by Lindroth, 1968: 898.

Lindroth (1968) provided a key to the 6 species of this Nearctic subgenus.

subgenus Desbordesius Maindron

Desbordesius Maindron, 1906: 252. Replacement name for Pselaphoxys Tschitscherine. Type

Species: Bradycellus laeticolor Bates, since Article 67(i) of the International Code of Zoolo-

gical Nomenclature states that the replacement genus name must have the same type species

as the original one.

Pselaphoxys Tschitscherine, 1897b: 60. Type Species: Bradycellus laeticolor Bates, by mono-

typy. {Pselaphoxys Tschitscherine, 1897 is a junior homonym of Pselaphoxys, Raffray,

1890).

This subgenus contains 1 Japanese species (redescribed by Habu, 1973) and 2 Eurasian ones.

A revision is needed.

subgenus Nipponbradycellus Habu

Nipponbradycellus Habu, 1973: 305, 318. Type Species: Bradycellus lewisi Schauberger, by

original designation and monotypy.

Habu (1973) provided keys for identification of this monobasic subgenus found in northern

Asia and Japan.

subgenus Bradycelloides Habu

Bradycelloides Habu, 1973: 305, 322. Type Species: Bradycellus frimbriatus Bates, by original

designation and monotypy.

Habu (1973) provided keys for identification of this monobasic subgenus found in northern

Asia and Japan.

subgenus Psychristus Andrewes

Psychristus Andrewes, 1930: 21. Type Species: Psychristus liparops Andrewes, by original

designation.

Psychistrus Csiki, 1932: 1232. (typographical error or invalid emendation).

Andrewes (1930) described 2 species from Sikkim and Tibet.

Amerinus Casey

Amerinus Casey, 1884: 7. Type Species: Bradycellus linearis LeConte, by monotypy.

Quaest. Ent., 1976 12(1)



22 Noonan

This Nearctic genus contains 2 species described by Casey in addition to the type species.

Goniocellus Casey

Goniocellus Casey, 1914: 221, 224. Type Species: Goniocellus bifossifrons Casey, by original

designation.

Casey (1914) described 2 species from Panama, G. bifossifrons and G. isthmianus.

Dicheirotrichus Jacquelin du Val

Dicheirotrichus Jacquelin du Val, 1857: 35, 65. Type Species: Harpalus obsoletus Dejean, by

original designation and monotypy.

Dichirotrichus Schaum, 1860: 558, 561. (invalid emendation).

Pelagophilus Tschitscherine, 1901: 217, 249. Type Species: Dichirotrichus punicus Bedel, by

monotypy.

This genus contains 8 Palaearctic species. The following regional studies aid in identification:

Antoine (1959) for Morocco; Gridelli (1944) for Italy and adjacent Europe; Haberman (1968)

for Estonia; Habu (1973) for Japan; Jeannel (1942) for Erance; Lindroth (1961, 1974) for

Sweden and Britain respectively; Porta (1923) for Italy; Reitter (1900, 1908) for most of the

Palaearctic Region and all of Germany respectively. A revision that treats all species would be

useful.

Trichocellus Ganglbauer

Trichocellus Ganglbauer, 1892: 365-367. Type Species: Harpalus placidus Gyllenhal, designated

by Andrewes, 1934: 201.

subgenus Oreoxenus Tschitscherine

Oreoxenus Tschitscherine, 1899a: 445, 447, 471. Type Species: Bradycellus mannerheimi

Sahlberg, (first species listed), here designated.

The 3 species of this Palaearctic subgenus need revision.

subgenus Cardiostenus Tschitscherine

1/5 Tschitscherine, 1900a: 56. Type Species: Trichocellus (Cardiostenus) parvicollis

Tschitscherine, by original designation and monotypy.

This subgenus contains 3 Eurasian species; a revision is needed.

subgenus Trichocellus Ganglbauer

Triehocellus Ganglbauer, 1892: 365-367. Type Species: Harpalus placidus Gyllenhal, designated

by Andrewes, 1934: 201.

This subgenus contains 27 Palaearctic species, 2 circumpolar Holarctic ones, and 1 species

present in Tibet of the Palaearctic and India of the Oriental.

The following regional studies aid in identification: Habu (1973) for Japan; Hansen (1968)

for Denmark; Jeannel (1942) for France; Lindroth (1961, 1968, 1974) for Sweden, North
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America and Britain respectively; Porta (1923) for Italy; Reitter (1900, 1908) for Europe and

Germany respectively. A revision is needed.

Tropicoritus Alluaud

Tropicoritiis Alluaud, 1917a; 95. Type Species; Tropicoritus ruwenzorii Alluaud, by monotypy.

Basilewsky (1951) provided keys for identification of this monobasic African genus, which

is represented only by a male from Uganda.

Kenyaciis Alluaud

Kenyacus Alluaud, 1917a; 96. Type Species; Kenyacus hypsibiiis Alluaud, designated by

Basilewsky, 1951; 223.

Basilewsky provided a key to the 9 species of this Ethiopian genus and stated that they are

distributed on East African mountains from Kivu of the Zaire Republic, to southern Ethiopia,

at an altitude of 2,350 to 4,000 meters.

Acupalpus Latreille

Acupalpus Latreille, 1829; 391. Type Species; Carabus meridianus Linnaeus, designated by

Blanchard, 1842; plate 21.

This genus contains 8 subgenera and has species in all 6 faunal regions, with the greatest

numbers being in the Palaearctic, Ethiopian, and Nearctic regions. Most taxa need study; a

worldwide revision would be useful.

suhgQwus Philodes LeConte

Philodes LeConte, 1861; 33. Type Species; Philodes alternans LeConte, designated by Lindroth,

1968; 927.

Goniolophiis Casey, 1914; 221, 262. Type Species; Goniolophus lucens Casey, by original

designation.

Lindroth (1968) provided a key to 2 of the species of this Nearctic subgenus; Casey (1914)

is of assistance in identifying the other 3 forms. The species need revision.

subgenus Hemiaulax Bates

Herniaulax Bates, 1892; 347. Type Species; Anoplogenius (Hemiaulax) deritipennis Bates, by

monotypy.

Idiomelas Tschitscherine, 1900b; 364. Type Species; Stenolophus morio Menetries, by original

designation and monotypy.

This subgenus includes the type species from Burma and A. morio from the northeastern

Mediterranean basin. The species need study.

s,\xhgQnws Acupalpus Latreille

Acupalpus Latreille, 1829; 391. Type Species; Carabus meridianus Linnaeus, designated by

Blanchard, 1942; plate 21.

Manicellus Motschulsky, 1964; 207. Type Species; Stenolophus elegans Dejean, designated by
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Jeannel, 1942: 712.

This subgenus has 30 Palaearctic, 6 Nearctic, 15 Neotropic, 12 Oriental, 8 Australian, and

23 Ethiopian species. In addition, A. brunnicolor Sloane occurs from western Australia to

Borneo while A. meiidianus Linnaeus, a western Palaearctic species, has been introduced into

the Pacific Northwest of Nor^h America. The following regional studies aid in identification:

Antoine (1959) for Morocco; Basilewsky (1951) for the 22 Ethiopian species described by

1951 and (1956b) for description of A. ruandanus Basilewsky; Bedel (1895-1900) for northern

Africa; Burakowski (1957) for central Europe; Habu (1973) for Japan; Hansen (1968) for

Denmark; Jeannel (1942) for France; Lindroth (1961, 1968, 1974) for Sweden, northern North

America, and Britain respectively; Muller (1933) for Europe; Porta (1923) for Italy; Reitter

(1900, 1908) for Europe and Germany respectively. A worldwide revision is needed.

subgenus Ancylostria Schauberger

Ancylostria Schauberger, 1930: 217, 218. Type Species: Acupalpus interstitialis Reitter, desig-

nated by Antoine, 1959: 447.

This subgenus contains 5 Palaearctic and 2 Oriental species. Reitter ( 1900) may be used for

identification of the 5 Palaearctic species which he treated as members of the subgenus Acupal-

pus. Reitter’s A. piceus Rottenberg (p. 136) was replaced by Csiki (1932) with A. mediterraneus

{Acupalpus piceus Rottenberg is a junior homonym of A. piceus Guerin-Meneville.) Jedlicka

(1964) described the 2 Oriental species. A key to all 7 species would be useful.

subgenus Anthracus Motschulsky

Anthracus Motschulsky, 1850: Key VII and p. 21. Type Species: Carabus consputus Duftschmid,

by monotypy.

Balius Schiyidte, 1861: 154, 184. Type Species: Carabus consputus Duftschmidt, by monotypy. C.

Balius Schi^dte, 1861 is a junior homonym oi Balius Gistl, 1848).

This subgenus contains 15 Palaearctic species, 3 Oriental, 8 Ethiopian, and 2 Nearctic. The

following regional studies aid in identification: Antoine (1959) for Morocco; Basilewsky (1951)

for 6 of the Ethiopian species and (1961, and 1968a) for descriptions of a total of 2 additional

Ethiopian species; Casey (1914) for a redescription of A. tener LeConte, from California in

North America; Habu (1973) for Japan; Hansen (1968) for Denmark; Hatch (1953) for descrip-

tion and key to A. punctulatus Hatch of northwestern North America; Jeannel (1942) for France;

Lindroth (1961, 1974) for Sweden and Britain respectively; Normand (1941) for northern Africa;

Reitter (1900, 1908) for most Palaearctic species then known and for species of Germany respec-

tively.

subgenus Tachistodes Casey

Tachistodes Casey, 1914: 222, 286. Type Species: Acupalpus pauperculus Dejean, designated

by Lindroth, 1968: 934.

Lindroth (1968) provided a key to the 4 species of this Nearctic subgenus.

suhgQmxs Pseudanthracus Habu

Pseudanthracus Habu, 1973: 326. Type Species: Acupalpus sinuellus Bates, by original designa-

tion and monotypy.
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Habu (1973) provided keys for identification of this monobasic Oriental subgenus.

subgenus Setacupalpus Habu

Setacupalpus Habu, 1973: 326, 329. Type Species: Acupalpus subosanus Habu, by original

designation and monotypy.

Habu (1973) provided keys for identification of this monobasic Japanese subgenus.

subgenus Palcuapus Habu

Palcuapus Habu, 1973: 326, 332. Type Species: Acupalpus inornatus Bates, by original desig-

nation and monotypy.

Habu (1973) provided keys for identification of this monobasic subgenus found in China

and Japan.

Cyptomicrus Vinson

Cyptomicrus Vinson, 1939: 133. Type Species: Cyptomicrus pollicus Vinson, by original

designation and monotypy.

Basilewsky (1951) provided keys for identification of this monobasic genus found on

Mauritius Island.

Gugheorites Basilewsky

Gugheorites Basilewsky, 1951: 232, 256. Type Species: Gugheorites scotti Basilewsky, by

original designation and monotypy.

Basilewsky (1951) described this genus and its single species (known from highlands of

southern Ethiopia) and stated that the original generic and specific descriptions were then in

press. They were not published until 1953, and Basilewsky then stated (1953b) that the ones

in 1951 had priority.

Hippolaetis Castelnau

Hippolaetis Laporte, 1835: 152. Type Species: Hippolaetis rufa Laporte, by monotypy.

Hydroporomorpha Westwood, 1853, 409. Type Species: Hydroporomorpha lutea Westwood

( = Hippolaetis rufa Laporte), by monotypy. {Hydroporomorpha Westwood, 1853 is a

junior homonym of Hydroporomorpha Babington, 1842.)

Basilewsky (1951) provided keys for identification of this monobasic Ethiopian genus.

Batoscelis Dejean

Batoscelis Dejean 1836: 46. Type Species: Agonoderus oblongus Dejean (the first validly

described species listed), here designated.

Systenognathus Putzeys, 1863: 18. Type Species: Systenognathus porosus Putzeys, by

monotypy.

Leptocellus Muller, 1942: 69. Type Species: Acupalpus (Leptocellus) spinipes Muller, by

monotypy.
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Basilewsky (1951: 261) and Csiki (1932: 1082) attributed authorship of Batoscelis to

Lacordaire (1954: 261). Dejean (1837: 46) listed the genus and placed 2 previously described

species, Agonodenis oblongus Dejean and Agonoderus discipennis Dejean, in it. Lacordaire

(1954: 261) merely redescribed the Batoscelis of Dejean and did not intend proposing a new

genus. Dejean is thus the correct author.

This genus contains 8 Ethiopian species, 1 Oriental, and B. oblongus Dejean which occurs

from northern Australia to India. Basilewsky (1951) provided keys to the Ethiopian species.

A key to all 10 species would be useful.

Pachy track eliis Chaudoir

Pachytracheliis Chaudoir, 1852: 85. Type Species: Pachy traclielus cribriceps Chaudoir, by

monotypy.

This genus contains the type species which occurs in India and P. hellmiclu Jedlicka

from Nepal. A revision is needed.

Polpochila Sober

Polpochila Sober, 1849: 217. Type Species: Polpochila parellela Sober (
= P. chilensis Chaudoir),

by original designation and monotypy.

Cratocara LeConte is a replacement name for Melanotus Dejean and according to Article 67(i)

of the International Code of Zoological Nomenclature must have the same type species, Melanotus

flavipes Dejean. Negre’s (1963: 214) designation of Melanotus erro LeConte as type species is

invalid, and the name Cratocara becomes a junior synonym of Polpochila sensu stricto. Phyma-

tocephalus Schaum with its type species of Phymatocephalus riehi Schaum (
= Polpochila erro

LeConte) is the proper subgeneric name for the 3 species Negre (1963) included in Cratocara

sensu Negre.

Negre (1963) provided keys to the species of the 2 included subgenera (with the subgenus

Phymatocephalus being termed "'Cratocara'") and later (1967) described 2 additional new

species of the nominate subgenus.

subgenus Phymatocephalus Schaum

Phymatocephalus Schaum, 1864: 125. Type Species: Phymatocephalus riehi Schaum (
=

Polpochila erro LeConte), by monotypy.

This subgenus contains 1 Neotropical species and 2 which occur in the Neotropical and

southern Nearctic regions.

subgenus Polpochila Sober

Polpochila Sober, 1849: 217. Type Species: Polpochila parallela Sober (
= P. chilensis Chaudoir),

by monotypy.

Melanotus Dejean, 1831: 692, 698. Type Species: Melanotus Dejean, designated by

Hope, 1838: 111. {Melanotus Dejean, 1831 is a junior homonym of Melanotus Erichson,

1829.)

Cratocara LeConte, 1863: 1 1. Replacement name ior Melanotus Dejean. Type Species: Melano-

tus flavipes Dejean since Article 67(i) of the International Code of Zoological Nomenclature
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states that the replacement genus name must have the same type species as the original one.

NEW SYNONYMY.

This subgenus contains 18 Neotropical species.

Pogonodaptus Horn

Pogonodaptus Horn, 1881: 177, 178. Type Species: Pogonodaptus piceus Horn (
= P. mexicanus

Bates), by monotypy.

This genus contains P. mexicanus Bates which occurs from the United States to Central

America and P. rostratus Darlington from Haiti.

Paramecus Dejean

Paramecus Dejean, 1829a: 4, 43. Type Species: Paramecus cylindricus Dejean, designated by

Hope, 1838: 88.

Cylloscelis Curtis, 1839: 187. Type Species: Cylloscelis ellipticus Curtis, by monotypy.

This genus contains 4 species from southern South America. A revision is needed.

Pholeodytes Britton

Pholeodytes Britton, 1961: 665. Type Species: Pholeodytes townsendi Britton, 1961, by

monotypy.

The original descriptions of P. townsendi (Britton, 1961) and P. cereberus (Britton, 1963)

may be used to identify the 2 species of this endemic New Zealand genus.

Bradycidus Casey

Bradycidus Casey, 1914: 220, 222. Type Species: Bradycidus veneris Casey, by monotypy.

Basilewsky (1951) listed the single species, from Cape Hope, Africa, as incertae sedis.

Agonidus Casey

Agonidus Casey, 1914: 221, 226. Type Species: Agonidus cephalotes Casey, by original

designation and monotypy.

Basilewsky (1951) listed the single species, from Wellington, Cape Town, Africa, as

incertae sedis.

Lioholus Tschitscherine

Lioholus Tschitscherine, 1897b: 64. Type Species: Lioholus metallescens Tschitscherine, by

monotypy.

The single species is known from western China.

Euthenarus Bates

Euthenarus Bates, 1874: 272. Type Species: Euthenarus brevicollis Bates (first species listed),
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here designated.

This genus contains 4 New Zealand, 3 Australian, 1 Tasmanian, and 1 species found on both

Australia and Tasmania. A revision is needed.

Egaploa Alluaud

Egaploa Alluaud, 1916: 64, 73. Type Species: Stenolophus crenulatus Dejean, by monotypy.

Basilewsky (1950) provided keys for identification of this monobasic genus, recorded from

India, Ethiopian portion of Africa, and islands such as Madagascar, Nossi-be, Mauritius, and

the Seychelles.

Paregaploa Muller

Paregaploa Muller, 1947: 81. Type Species: Paregaploa conviva Muller, by monotypy.

Basilewsky (1951) provided keys for identification of this monobasic Ethiopian genus.

Cratosoma Jeannel

Cratosoma Jeannel, 1948: 687, 707. Type Species: Cratognathus pictus Fairmaire, by

original designation and monotypy.

Basilewsky (1951) provided keys for identification of this genus which is based on a single

male from Madagascar.

Rhabidius Basilewsky

Rhabidius Basilewsky, 1948b: 215. Type Species: Rhabidius jeanneli Basilewsky, by original

designation.

Basilewsky, (1951) provided a key to the 2 species of this Ethiopian genus.

The Subtribe Harpalina

Harpalii Bonelli, 1810: Tabula Synoptica.

Ditomici Bonelli, 1810: Tabula Synoptica. NEW SYNONYMY.
Acinopidae Laporte, 1834: 67. NEW SYNONYMY.
Ophonidae Laporte, 1834: 68.

Stenomorphidae Laporte, 1834: 71.

Daptini LeConte, 1847: 37. NEW SYNONYMY.
Amblystomini Fauvel, 1889: 17.

Trichopselaphini Tschitscherine, 1900b: 343, 345.

Selenophorini Casey, 1914: 48, 134.

PachyCarina Stichel, 1923: 49, 81. NEW SYNONYMY.
Barysomi Csiki, 1932: 1192.

Bradybaeni Csiki, 1932: 1187. NEW SYNONYMY.
Dioctini Csiki, 1932: 1023. NEW SYNONYMY.
Diorychi Csiki, 1932: 1 193. NEW SYNONYMY.
Euryderi Csiki, 1932: 1081.

Heteracanthi Csiki, 1932: 1085. NEW SYNONYMY.
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Machozeti Csiki, 1932: 1023. NEW SYNONYMY.
Trichotichini Jeannel, 1942: 615, 624.

Bleusei Antoine, 1959: 386, 427. NEW SYNONYMY.
Eriotomi Antoine, 1959: 331, 354. NEW SYNONYMY.
Granigeri Antoine, 1959: 331. NEW SYNONYMY.
Granigerini Antoine, 1959: 326, 357. (typographical error for Granigeri).

Cratacanthi Eindroth, 1968: 742. NEW SYNONYMY.

Diagnosis. - Mentum and submentum separated by complete transverse suture. Penultimate articles of labial palpi each

with 3 or more setae on anterior margin. Fore tarsi of males of most species with some articles laterally expanded and with

ventral biseriate vestiture; fore tarsi of males of some species of Carterus with some articles laterally expanded and with irregu-

lar biseriate vestiture; fore tarsi of males of some species with aU articles unmodified. Mid tarsi of males unmodified or with

some articles modified as in fore tarsi.

Distribution. — Taxa are concentrated in the Palaearctic, Nearctic, and to a lesser degree the

Neotropic and Ethiopian Regions. Taxa are less numerous in the Oriental Region. The taxa of

the Australian Region consist of only the approximately 12 species of the Australian genus

Phorticosomus, approximately 13 species of the widespread gQnm Platymetopus, the mono-

basic New Guinea genus Lyter, and 4 species of the Indo-Australian genus Harpaloxenus.

Discussion. - Harpalina is the largest subtribe, with: a total of 137 genera, subgenera, and

species groups proposed by Eindroth (1968) and here tentatively ranked as equivalent to sub-

genera until their proper rank is known; 83 genera; and approximately 1 200 species. The com-

position of many of the included supra-generic groups needs further study.

The Harpali and Selenophori groups may both be polyphyletic, each with convergences in

hind tarsal length, dorsal setigerous punctuation of the elytra, and position of the ostium of

the median lobe of the male genitalia. Habu (1968) concluded that hind tarsal length is not

stable enough to warrant separation of the Harpali and Selenophori groups. Further study is

needed.

The Bradybaeni group is primarily defined by the presence of a fringe of setae along the pos-

terior borders of the abdominal sterna. Such setae are present also in some Harpali such as

species of Euryderus and Piosorna. And many specimens of species of Bradybaenus have an

irregular row of very small dorsal setigerous punctures on elytral intervals 3,5, and 7. Further

study is needed; possibly, all or most of the genera of the Harpali, Selenophori, and Bradybaeni

should be combined into a single supra-generic group.

Phylogenetic relationships of genera of the Acinopi, Bleusei, and Dapti groups have long

puzzled workers. The species are fossorial; many of the synapomorphies used to group genera

are adaptations for such a mode of life and therefore possibly due to convergence rather than

to common ancestry. A study of phylogenetic relationships of taxa of these groups as well

as of the fossorial Harpali genera Euryderus and Piosorna would be interesting.

Eindroth (1968) placed Cratacanthus in a monobasic subtribe separate from Harpalina

because members of Cratacanthus have a dentiform lateral process on the frons, strong tooth

on the mentum, modified right mandible in the male, and median lobe of the male genitalia

asymmetrical and sclerotized only basally and along the right side ventrally. He felt that pos-

session of a preocular sulcus for reception of the first antennal article is convergent for many
fossorial groups and does not support placing Cratacanthus in the Acinopi as done by Jeannel

( 1 942). But if the preocular sulcus is convergent, the dentiform frontal process seems to be

shared only with Daptus, suggesting these genera should be grouped together. The modified

right mandible of the male and the strong tooth on the mentum seem good characters for

defining the genus Cratacanthus but do not seem sufficient to warrant separate subtribal status.

And the median lobe of the genitalia of males of Cratacanthus also does not warrant separate

subtribal status for the genus. Males of many taxa of the tribe Harpalini, for example Xestonotus

lugubris Dejean (subtribe Anisodactylina), possess an asymmetrical median lobe. The partially
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membranous venter of the median lobe of males of Cratacanthus is a striking feature but is

not unique within the tribe Harpalini. For example, one species of Allocinopus (subtribe Anis-

odactylina) has the venter of the median lobe membranous except for the basal bulb region.

The definition, included genera, and proper taxonomic rank of the Ditomi group have been

points of disagreement among workers. Tschitscherine (1901) defined the group primarily on

the basis of its members having a ligula with dorsal and/or lateral setae and glabrous paraglossae

Jeannel (1942) in turn defined the group primarily by its members having the elytral basal

border incomplete or absent, but also stated that only taxa with a plurisetose ligula should be

included. He then removed Carterophonus, Penthus, and Bronislavia, which had formerly been

included. Jeannel (1942) and Antoine (1959) disagreed as to the relationships of Ditomi to

other harpaline groups. Many of their conclusions are poorly founded since both studied only

harpalines of restricted regions of the world. The diagnosis of Ditomi, included taxa and rank-

ing of such taxa presented in this paper is provisional; further study may demonstrate that the

group is paraphyletic or polyphyletic.

The Harpali group

Diagnosis. - First article of hind tarsi of most specimens stout and shorter than articles 2 + 3. Elytral intervals 3, 5, 7

not each with row of dorsal setigerous punctures. Abdominal sterna of most specimens without setae other than 2 ambulatory

setae on sterna 3 to 5 and 2 or 4 such setae on sternum 6. Median lobe of male genitalia with ostium deflected to the left in

most species.

Distribution. — Taxa are concentrated in the Palaearctic and Nearctic Regions while the

Ethiopian and Oriental Regions contain lesser numbers. The Australian Region contains only

the monobasic New Guinea genus Lyter and 4 species of the Indo-Australian genus Harpalo-

xenus. The Neotropical Region contains no endemic Harpali; a few Nearctic species approach

and possibly enter northern fringes of the Neotropical Region.

Supra-specific taxa. —

Piosoma LeConte

Piosoma LeConte, 1848: 374. Type Species: Piosoma setosum LeConte, by monotypy.

Lindroth (1968) redescribed this di-basic Nearctic genus and P. setosum.

Euryderus LeConte

Euryderus LeConte, 1846: 151. Type Species: E. zabroides LeConte {= E. grossus Say), by

monotypy.

Nothopus LeConte, 1852: 67. Replacement name ^or Euryderus. Type Species: E. zabroides

LeConte, since Article 67(i) of the International Code of Zoological Nomenclature states

that the replacement genus name must have the same type species as the original one.

Ball (1960a) conclusively demonstrated that this North American genus contains only E.

grossus.

Harpalobrachys Tschitscherine

Harpalobrachys Tschitscherine, 1899b: 601. Type Species: Harpalus leiroides Motschulsky,

by monotypy.

Lindroth (1968) redescribed this monobasic Holarctic genus and (1969) provided keys

for its identification.
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Harpalus Latreille

Harpalus Latreille, 1802: 92. Type Species: Carabus proteiis Paykull (
= Carabus affinis

Schrank) here tentatively accepted as type species. See below.

Latreille (1810: 426) validly designated Carabus ruficomis Fabricius {
= H. rufipes Degeer)

as the type species of Harpalus. Andrewes (1935) pointed out that Carabus ruficomis is now

a member of Pseudophonus and that acceptance of Latreille’s designation would require nomen-

clatural changes in the well known taxa Harpalus and Pseudophonus. He further noted that

of the 25 species first included in Harpalus the sole one now in Harpalus sensu stricto is Carabus

proteus (
= Carabus affinis) and proposed that Carabus affinis be treated as the type species of

Harpalus. Subsequent workers such as Basilewsky (1951: 9), Jeannel (1942: 658), and Lind-

roth (1968: 749) have accepted Carabus affinis as the type species. Since Carabus proteus was

one of the originally included species and since it and Carabus affinis are conspecific, I think

Carabus proteus should be accepted as the type species of Harpalus in order to prevent needless

nomenclatural changes. However a ruling is needed by the International Commission on Zoologi-

cal Nomenclature.

This is the largest genus of the subtribe and contains 37 subgenera, 6 species groups proposed

by Lindroth (1968) for North American species, and approximately 480 species. Lindroth

(1968) arranged most North American species into groups (some of which correspond to pre-

viously named subgenera) formed primarily on the basis of structures of the internal sac of the

penis. He justifiably noted that reclassification of the Old World Harpalus will not be possible

until a similar study is done on them. Such a study will probably demonstrate that several of

Lindroth’s species groups correspond to already named Palaearctic subgenera. A worldwide

revision of all supra-specific taxa and of many of the included species is very much needed.

Taxa of Harpalus are primarily concentrated in the Nearctic and Palaearctic regions, but

56 species are found in the Ethiopian Region, and a few species occur in the Oriental Region.

Basilewsky (1951) noted that the species of the Ethiopian Region could not be satisfactorily

placed in subgenera, provided a key to the 52 Ethiopian species then known, and later (1958)

described 4 additional ones. Approximately 18 additional species not assigned to subgenera

are in other regions.

subgenus Macrophonus Tschitscherine

Macrophonus Tschitscherine, 1901: 233. Type Species: Harpalus oblongus Schaum, by mono-

typy.

The 4 included species are centered in Asia Minor and northern parts of the Middle East,

with the type species extending as far west as Greece. A revision is needed.

subgenus Ceplialophonus Ganglbauer

Cephalophonus Ganglbauer, 1892: 340, 345. Type Species: Harpalus cephalotes Fairmaire

and Laboulbene, by monotypy.

Reitter (1900) provided keys for identification of this monobasic Palaearctic subgenus.

subgenus Ophonus Dejean

Ophonus Dejean, 1821: 13. Type Species: Carabus sabulicola Panzer here proposed as type

species (see below).
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Metophonus Bedel, 1897: p. 1 1 1 in key to genera; 1899: p. 137 genus description, species

list. Type Species: Harpalus syriacus Dejean, by original designation.

Authorship of Ophomis has previously been accorded to Stephens (1827). However Dejean

is the actual author since he (1821 : 13) listed Ophonus as a genus and included several pre-

viously described species in it. Stephens (1827) was merely referring to the Ophonus of Dejean.

Andrewes ( 1935, p. 19-20; 1939b, p. 1 82) noted that Curtis ( 1 827: plate 1 91) validly desig-

nated Carabus germanus Linnaeus as the type species and that this species is also the type species

of Diachromus Erichson. In the interest of nomenclatural stability, Andrewes suggested suppres-

sing the designation by Curtis and accepting that by Westwood ( 1 838) of Carabus obscurus

Fabricius. Subsequent workers (Antoine, 1959; Ball, 1960b, 1963, 1968; Habu, 1973; Jeannel,

1942; Lindroth, 1968) have followed this suggestion. But C obscurus Fabricius was not one of

the species listed in Ophonus by Dejean (1821: 13). Hope (1838: 84) designated Carabus

sabiilicola Panzer (the first species listed by Dejean, 1821) as the type species of Ophonus.

Since Hope’s and Westwood’s papers were published in the same year without information on

their month of publication, I here accept Hope’s designation as prior to that of Westwood. A
final ruling to suppress Curtis’s designation is needed by the International Commission on

Zoological Nomenclature. Such a ruling will avoid nomenclatural chaos.

This Palaearctic subgenus contains approximately 71 species; two of which, H. punticeps

Stephens and H. rufibarbis Fabricius, have been introduced into North America. Authors have

disagreed on: sNhtthQr Metophonus and Ophonus are congeneric; which species should be placed

in Metophonus if it is accorded separate status; and the proper taxonomic status of many

forms named as species. The following regional studies aid in species identification: Bedel (1895-

1900) for some north African species; Fagel (1936) for Belgium; Haberman (1968) for Estonia;

Hansen (1968) for Denmark; Jeannel (1942) for French species known at that time; Lindroth

(1935a, 1974) for Britain, (1935b) for Fennoskandinavia, and (1968) for North America; Mly-

naf ( 1 974) for Mongolia; Muller (1931) for central Europe, Italy, and the Balkans, Puel (1935)

for some Palaearctic species; and Reitter ( 1900) for many Palaearctic species. A revision

treating all species is needed.

subgenus Serniophonus Schauberger

Serniophonus Schauberger, 1933d: 131. Type Species: Harpalus tibeticus Andrewes, by

monotypy.

This monobasic subgenus occurs in Tibet.

subgenus Suleophonus Schauberger

Suleophonus SchsLubQTgQT, 1933d: 130. Type Species: Ophonus sulcifer TschitschevinQ, by

monotypy.

This monobasic subgenus occurs in Syria and Asia Minor.

subgenus Typsiharpalus Tschitscherine

Typsiharpalus Tschitscherine, 1901: 240. Type Species: Harpalus punctatipennis Rambur,

designated by Antoine, 1959: 362.

Antoine (1925) provided a key to the 3 species of this Palaearctic subgenus.
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subgenus Pseudophomis Motschulsky

Pseudophonus Motschulsky, 1844; table between p. 196 and 197. Type Species: Carabiis

ruficornis Fabricius {= H. nifipes Degeer), designated by Motschulsky, 1864: 208. (original

spelling, Pseudoophonus, emended to Pseudophomis by Motschulsky, p. 37 in Menetries,

1849).

Harpalophonus Ganglbauer, 1892: 341, 346. Type Species; Harpalus hospes Sturm, by mono-

typy.

MigadophonusJ?,c\Y\tschQvmQ, 1897b: 47. Type Species; Ophonus aenigmaJsc\v\tsc\\€nr\Q,

by monotypy.

This subgenus contains 14 Palaearctic species, 1 Holarctic, and 1 1 Nearctic. All but 3

species {H. aenigma, from Korea, H. ciscaucasiciis Lutshnik and H. praetermissus Lutshnik,

both from Russia) may be identified by use of the following regional studies: Antoine (1959)

for Morocco; Ball and Anderson (1962) for North America; Habu (1973) for Japan and in

part for adjacent Northern Asia; Hansen (1968) for Denmark; Jeannel (1942) for France;

Lindroth (1961, 1974) for Sweden and Britain respectively
;
Mlynaf ( 1 974) for Mongolia;

Porta (1923) for Italy; Reitter (1900) for Europe and adjacent areas. A revision treating all

Palaearctic species is needed.

subgenus Eriophonus Tschitscherine

Eriophonus Tschitscherine, 1901; 235. Type Species: Harpalus (Parophonus) grandiceps

Reitter, by original designation and monotypy.

Tschitscherine (1901) provided keys for identification of Eriophonus and its sole species,

H. grandiceps from Syria; Reitter (1900) keyed out H. grandiceps as a member of Parophonus

which he regarded as a subgenus of Ophonus.

?,uhgQ\\m Hesperophonus Antoine NEW STATUS

Hesperophonus Antoine, 1959: 362, 364-365. (as subgenus of Ophonus).. Type Species:

Harpalus (Ophonus) rotundatus Dejean, by original designation.

See Antoine (1959) for a key to the 2 species of this Palaearctic subgenus.

subgenus Cephalomorphus Tschitscherine

Cephalomorphus Tschitscherine, 1897b: 45. Type Species: Harpalus capito Morawitz, by

monotypy.

Habu (1973) provided keys for identification of this monobasic subgenus found in northern

Asia, Japan, and Formosa.

subgenus F/att/5 Motschulsky

Plains Motschulsky, 1844: table between p. 196 and 197, p. 197. Type Species: Harpalus

calcitrapus Motschulsky (first species listed) {
= H. calceatus Duftschmid), here designated.

Pardileus Des Gozis, 1882; 289. Type Species: Carabus calceatus Duftschmid, by monotypy.

NEW SYNONYMY.
Neopardileus Habu, 1954b; 283. Type Species; Ophonus itoshimanus Habu (= H. calceatus
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Duftschmid), by original designation and monotypy.

This subgenus contains: 7 species in northern Asia;//, meridianus Andrewes in India; and

H. calceatus found from Europe to Northern Asia. Habu (1973) redescribed H. calceatus. A
revision is needed.

subgenus Licinoderus Sainte-Claire Deville

Licinoderus Sainte-Claire Deville, 1905: 1 14. Type Species: Licinoderus chobauti Sainte-Claire

Deville {= H. chobaiitianus Lutshnik), by monotypy.

Jeannel (1942) provided keys for identification of this monobasic subgenus found in the

Pyrenees.

subgenus Cephalotypsis Tschitscherine

Cephalotypsis Tschitscherine, 1900b: 238. Type Species: Harpalus (Cephalotypsis) semenowi

Tschitscherine, by monotypy.

This monobasic subgenus occurs in Tibet.

subgenus Artabas Des Gozis

Artabas Des Gozis, 1882: 287. Type Species: Harpalus punctatostriatus Dejean, by monotypy.

Reitter (1900) is of assistance for identification of 6 of the 9 species of this Palaearctic

subgenus. A revision is needed.

subgenus Neopangus Tschitscherine

Neopangus Tschitscherine, 1898b: 170. Type Species: Neopangus breviformis Tschitscherine

(sixth species listed), here designated.

This Palaearctic subgenus contains 6 species; all need revision.

subgenus Brachypangus Tschitscherine

Brachypangus Tschitscherine, 1898b: 174. Type Species: Brachypangus antonowi Tschitsch6nnQ,

by monotypy.

This Palaearctic subgenus is monobasic.

subgenus Pangus Dejean

Pangus Dejean, 1821: 13. Type Species: Harpalus scaritides Sturm, by monotypy.

Microderes Faldermann, 1835: 80. Type Species: Microderes robustus Faldermann, by mono-

typy.

Bioderus Motschulsky, 1848: 487. Replacement name fox Microderes Faldermann. Type

Species: Microderes robustus Faldermann, since Article 67(i) of the International Code

of Zoological Nomenclature states that the replacement genus name must have the same

type species as the original one.
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Reitter (1900) may be useful in identification of the 3 species of this Palaearctic subgenus.

A revision is needed.

subgenus Loxophonus Reitter

Loxophonus Reitter, 1894: 124. Type Species: Harpalus (Loxophonus) setiporus Reitter,

by monotypy.

Reitter (1900) provided keys for identification of this monobasic Palaearctic subgenus.

subgenus Neophygas new name

Replacement name fox Phygas Motschulsky. Type Species: Phygas nitidus Motschulsky (
=

P. microcephalus Faldermann) since Article 67(i) of the International Code of Zoological

Nomenclature states that the replacement genus name must have the same type species as

the original one.

Phygas Motschulsky, 1848: 488. Type Species: Phygas nitidus Motschulsky {= P. microcephalus),

by original designation. {Phygas Motschulsky, 1848 is a junior homonym of Phygas Treitschke,

1833).

Reitter’s (1900) key to species listed the sole included species, H. microcephalus from

northern Asia, as//, obtusangulus Faldermann. Mlynaf(1974) distinguishes//, obtusangulus

from other species found in Mongolia.

^uhgQnm Acardystus Reitter

Acardystus Reitter, 1908: 172-174. Type Species: Harpalus rufus Bruggemann (
= H. flavescens

Filler and Mitterpacher), designated by Schauberger, 1926: 45.

Loboharpalus Schauberger, 1932a: 174. Type Species: Harpalus platynotus Bates, by original

designation.

Habu (1973) provided a key to the 2 Japanese species; Schauberger (1932a) provided a key

to the 2 Japanese species and to H. lobipes Tschitscherine from Korea. The fourth included

species, H. flavescens, is also Palaearctic. A revision is needed.

subgenus Hypsinephus Bates

Hypsinephus Bates, 1878d: 715. Type Species: Hypsinephus ellipticus Bates (
= Harpalus

salinus Dejean), by monotypy.

Rapahlus Lutshnik, 1922: 61. Type Species: Harpalus salinus Dejean, by original designation

and monotypy.

Mlynar (1974) revised the 2 species of this.Palaearctic subgenus.

subgenus Harpalus Latreille

Harpalus Latreille, 1802: 92. Type Species: See discussion undQx gQxms, Harpalus.

Actephilus Stephens, 1833: column 1 1. Type Species: Carabus vemalis Duftschmid,designated

by Westwood, 1838: 4.

Probably Westwood meant Carabus vemalis Fabricius, one of the originally included species,

since Duftschmid did not describe a Carabus vemalis but did (1812) refer to the Carabus
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vernalis of Fabricius.

Conicus Motschulsky, 1844: 197. Type Species: Harpalus acuminatus Motschulsky (first species

listed) (= H. optabilis Dejean), here designated. (The citation by Motschulsky, 1864: 209

of H. optabilis Faldermann [Dejean was the actual author of this species] is invalid because

H. optabilis was not originally included in Conicus.)

Erpeinus Motschulsky, 1844: table between p. 196 and 197, p. 197. Type Species: Harpalus

pastor Motschulsky (second species listed), here designated.

Pheuginus Motschulsky, 1844: table between p. 196 and 197, p. 197. Type Species: Harpalus

optabilis Dejean (fourth species listed), here designated. (The citation by Motschulsky, 1864:

209 of H. tardus Panzer as type species is invalid because this species was not originally inclu-

ded in Pheuginus.)

Amblystus Motschulsky, 1864: 209. Type Species: Carabus rubripes Duftschmid, by original

designation and monotypy.

Ooistus Motschulsky, 1864: 209. Type Species: Harpalus taciturnus Dejean (first species listed),

here designated.

Epiharpalus Reitter, 1900: 75, 80. Type Species: Carabus aeneus Fabricius (
= H. affinis Schrank),

designated by Habu, 1973: 68.

Lasioharpalus Reitter, 1900: 75: 86. Type Species: Harpalus cupreus Dejean, designated by

Habu, 1973: 68.

Harpaloxys Reitter, 1900: 75, 94. Type Species: Harpalus cardioderus Putzeys (fifth species

listed) (
= Harpalus ebenius Heyden), here designated.

Harpaloderus Reitter, 1900: 76: 100. Type Species: Harpalus sulphuripes Germar, designated

by Habu, 1973: 68.

Harpalobius Reitter, 1900: 76, 103. Type Species: Harpalus fuscipalpis Sturm, designated by

Habu, 1973: 68.

Microharpalus Tschitscherine, 1901: 241. Type Species: Harpalus nanulus Tschitscherine, by

monotypy.

Haploharpalus Schauberger, 1926: 44, 45. Type Species: Harpalus froelichi Sturm, designated

by Habu, 1973: 68.

Parhalus Jeannel, 1948: 674, 676. Type Species: Harpalus madagascariensis Dejean, by original

designation.

This subgenus is the largest supra-specific taxon of the subtribe and contains: approximately

200 Palaearctic species, with the Palaearctic H. affinis Schrank also introduced into North

America; and approximately 6 species in northern areas of the Oriental Region. The following

regional studies aid in species identification: Antoine (1959) for Morocco; Bedel (1895-1900)

for northern Africa; Haberman (1968) for Morocco; Habu (1973) for Japan and part of adja-

cent northern Asia; Hansen (1968) for Denmark; Jeannel (1942) for France; Lindroth (1961,

1968, 1974) for Sweden, North America, and Britain respectively; Mlynaf (1974) for Mongolia;

Muller (1931) for central Europe, Italy, and the Balkans; Porta (1923) for Italy; Reitter (1900)

for Europe and adjacent parts of the Palaearctic Region; and Schauberger (1932a) for the 9

Palaearctic species he regarded as members of the former subgenus Haploharpalus. These regional

studies together deal with only part of the Palaearctic species of the subgenus Harpalus and refer

many species of this subgenus to other subgenera. A revision of all species is very much needed.

subgenus Nipponharpalus Habu

Nipponharpalus Habu, 1973: 69, 193. Type Species: Harpalus discrepans Morawitz, by

original designation and monotypy.
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Habu (1973) provided keys for identification of this monobasic subgenus from northern

Asia and Japan.

subgenus Neoharpalus Mateu

Neoharpalus Mateu, 1954: 4. Type Species; Harpalus (Neoharpalus) franzi Mateu, by mono-

typy.

The single included species occurs in Spain.

suhgQnm Megapangus Casey

Megapangus Casey, 1914: 71. Type Species: Carabus caliginosus Fabricius, by monotypy.

Lindroth (1968) provided a key for identification of the single species of this Nearctic

subgenus.

SAxhgtmxs, Plectralidus Casey

Plectralidus Casey, 1914: 72. Type Species: Harpalus erraticus Say, designated by El-Moursey,

1958: 37.

El-Moursey (1958) revised the 2 species of this North American subgenus, and Lindroth

(1968) provided a key to them.

subgenus Pharalus Casey

Pharalus Casey, 1914: 63, 68. Type Species; Pangus testaceus LeConte (
= Harpalus indianus

Csiki), by original designation and monotypy.

Lindroth provided a key for identification of the single species of this Nearctic subgenus.

subgenus Harpalomerus Casey

Harpalomerus Casey, 1914: 76. Type Species: Harpalus amputatus Say, designated by Lindroth,

1968: 768.

Lindroth (1968) provided a key for identification of the single species of this Nearctic

subgenus.

subgenus Euharpalops Casey

Euharpalops Casey, 1924: 1 16. Type Species: Euharpalops wadei Casey (
= Harpalus fratemus

LeConte), by original designation and monotypy.

Euharpalus Hatch, 1953: 170. (typographical error).

See Lindroth (1968) for a key to the 9 species of this Nearctic subgenus.

spadiceus group

Lindroth (1968) placed 2 Nearctic species in this group and provided a key to them.
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ven trails group

Lindroth (1968) placed 2 Nearctic species in this group and provided a key to them.

fulvilabris group

Lindroth (1968) placed 2 Nearctic species in this group and provided a key to them.

Cordoharpalus Hatch

Cordoharpalus Hatch, 1949: 87. Type Species: Harpalus cordifer Notman, by original designation

and monotypy.

Lindroth (1968) provided a key for identification of the single species of this Nearctic

subgenus.

innocuus group

Lindroth (1968) placed 2 Nearctic species in this group and provided a key to them.

desertus group

Lindroth (1968) placed 2 species in this Nearctic subgenus and provided a key for identi-

fication of one of them.

subgenus Opadius Casey

Opadius Casey, 1914: 63, 66. Type Species: Cratognathus cordatus LeConte (
= Harpalus

(Opadius) tadorcus Ball), by original designation and monotypy.

Casey (1914, 1924) may be of assistance in identifying the 2 species of this Nearctic subgenus.

subgenus Glanodes Casey

Glanodes Casey, 1914: 50, 60. Type Species: Harpalus obliquus Horn, by original designation.

Ball (1972) provided an excellent revision of the 6 species of this Nearctic subgenus and

(1973) provided a new name, H. cunctipeps, for//, puncticeps Casey.

fulgens group

Lindroth (1968) placed a single Nearctic species in this group and provided a key for its

identification.

Episcopellus Casey

Episcopellus Casey, 1914: 220, 235. Type Species: Feronia autumnalis Say, by original desig-

nation.

Lindroth (1968) redescribed this monobasic Nearctic genus and (1969) provided keys for

its identification.
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Liochirus Tschitscherine

Liochinis Tschitscherine, 1897b: 47. Type Species: Ophonus cyclodenis Solsky, by monotypy.

Reitter (1900) provided keys for identification of this monobasic Palaearctic subgenus.

Nesarpax Alluaud

Nesarpax Alluaud, 1936: 125. Type Species: Cratognathus labiatus Erichson, by monotypy.

Basilewsky (1951) provided keys for identification of this monobasic Ethiopian genus.

Harpalodes Basilewsky

Harpalodes Basilewsky, 1951: 9, 55. Type Species: Harpaliis xanthorliaphus Wiedemann, by

original designation.

Basilewsky (1951) provided keys for identification of this monobasic Ethiopian genus.

Omostropiis Peringuey

Omostropus Peringuey, 1896: 418, 429. Type Species: Omostropus tersulus Peringuey, desig-

nated by Basilewsky, 1946b: 255.

Basilewsky (1951) provided a key to the 8 species of this Ethiopian genus.

Ectinothorax Alluaud

Ectinothorax Alluaud, 1941: 5. Type Species: Cratognathus sulcator Eairmaire, by original

designation.

See Basilewsky (1951) for a key to the 6 species of this Ethiopian genus.

Cratognathus Dejean

Cratognathus Dejean, 1829a: 4, 46. Type Species: Cratognathus mandibularis Dejean, by

monotypy.

Eucephahis Laporte, 1834: 66. Type Species: Eucephalus capensis Laporte, by monotypy.

Daptomorphus Chaudoir, 1837: 39. Type Species: Daptomorphus capensis Chaudoir (
= C.

capensis Laporte), by monotypy.

Cyphogenius Chaudoir, 1843: 395. Type Species: Cyphogenius pallipes Chaudoir (
= Cratog-

nathus mandibularis Dejean), by monotypy.

Encephalus Peringuey, 1896: 417, 423. (typographical error).

Micracinopus Casey, 1914: 63, 64. Type Species: Micracinopus politissimus

,

by original desig-

nation and monotypy.

Basilewsky (1951) provided a key to the 5 species of this Ethiopian genus.

Harpalinus Jeannel

Harpalinus Jeannel, 1946: 160, 162. Type Species: Cratognathus flavilabris Eairmaire, by

original designation and monotypy.
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Basilewsky (1951) provided a key to the 3 species of this Ethiopian genus.

Lyter Darlington

Lyter Darlington, 1968; 40, 63. Type Species; Lyter glaber Darlington, by original designation

and monotypy.

Darlington (1968) provided a key for identification of this monobasic New Guinea genus.

Liodaptus Bates

Liodaptus Bates, 1890; 102. Type Species; Liodaptus birmaniis Bates, by monotypy.

A key to the 2 species of this Oriental genus would be useful.

Harpaloxenus Schauberger

Harpaloxenus Schauberger, 1933b; 154. Type Species; Harpalus javanus Schauberger, by original

designation.

Schauberger (1933b) provided keys to 3 new species, 1 from the Philippines and 2 from the

Indo-Australian Archipelago. Darlington (1968) provided keys to 5 New Guinea species, one

of which, H. celebensis Schauberger, also occurs in the Indo-Australian Archipelago.

Penthiis Chaudoir

Penthus Chaudoir, 1843; 387-390. Type Species; Penthus tenebricosus Chaudoir {
= P. tene-

brioides Waltl), by monotypy.

Reitter (1900) provided keys for identification of this monobasic Palaearctic genus.

Nesacinopus Tschitscherine

Nesacinopus Tschitscherine, 1900b; 353, 359. Type Species; Cratognathus pelagicus Wollaston

(the second species listed by Wollaston, 1865; 44), here designated.

Wollaston, (1865; 44-46) and Bedel (1898; 127) added to Cratognathus Dejean a total

of 7 species from the Canary, Madeira, and Salvage Islands. Tschitscherine (1900b; 353, 359)

proposed Nesacinopus as a new genus group name and said it referred to the 7 species previously

treated by Wollaston and Bedel. Wollaston clearly cited Dejean as the author of Cratognathus

contrary to Csiki (1932; 1095) and did not propose a new genus with the name Cratognathus.

Csiki (1932) listed only 5 species as belonging io Nesacinopus', a revision is needed.

Nesarpalus Bedel

Nesarpalus Bedel, 1897, p. 1 1 1 in key to genera; 1898,p. 128 formal genus description,

included species. Type Species; Harpalus vividus Dejean {= N. gregarius Fauvel), by original

designation on p. 111.

This genus contains 2 species in the Canary and Madeira Islands; a species key would be

useful.
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The Selenophori group

Diagfiosis. - Ligula narrow in most species. Hind tarsi of most species elongate and with articles 1 as long as or nearly

as long as 2 + 3. Most species with short hind tarsi also with row of dorsal setigerous punctures on elytral intervals 3, and/or

5 and/or 7. Abdominal sterna of most species without extra setae. Median lobe of male genitalia of most species with ostium

dorsal in position.

Distribution. - Taxa are primarily centered in the Neotropical, Ethiopian, and to a lesser

degree the Oriental and Nearctic Regions. A few species of Oriental groups extend along the

Indo-Australian Archipelago as far as New Guinea.

Discussion. —
1 am completing a revision of all supra-specific taxa and to date have studied

most Old World supra-specific taxa. Taxonomic changes proposed here will be justified in the

forthcoming revision of Selenophori. New World taxa are listed first and then Old World taxa

in approximate phylogenetic order.

Supra-specific taxa. —

Selenophorus Dejean

Selenophorus Dejean, 1829a: 4, 80. Type Species; Carabus palliatus Fabricius, designated by

Hope, 1838: 84.

Hemisopalus Casey, 1914: 134, 135. Type Species: Selenophorus opalinus LeConte, by

original designation.

Celiamorphus Casey, 1914: 134, 141. Type Species: Selenophorus ellipticus Dejean, designated

by Lindroth, 1968; 828.

Selenalius Casey, 1914: 135, 153. Type Species: Discoderus cordicollis Horn, by original

designation.

Study may demonstrate that Hemisopalus, Celiamorphus, and Selenalius are valid subgenera.

Authors have disagreed on their proper status and have described many new species without

giving subgeneric placement; therefore, I list these names as synonyms of Selenophorus until

their proper status is eluciated. Most of the 175 species of this genus occur in the Neotropical

Region; a few enter or are endemic to the Nearctic. Lindroth ( 1968) revised the Canadian

and a few more southern species; Putzeys ( 1878) revised the genus, but this revision is out of

date. George Ball is revising the North and Central American species; a revision of the South

American forms is very much needed.

Discoderus LeConte

Discoderus LeConte, 1853: 381. Type Species: Selenophorus parallelus Haldeman, designated

by Lindroth, 1968: 830.

This genus contains approximately 27 species distributed from Canada to Mexico; G. Ball

is revising the species.

Athrostictus Bates

Athrostictus Bates, 1878b: 592. Type Species: Athrostictus sericatus Bates (second species

listed), here designated.

Arthostictus Rye, 1880: 33. (typographical error).

This Neotropical genus contains approximately 16 species; all need revision.

Quaest. Ent, 1976 12 (1)



42 Noonan

Anisocnemus Chaudoir

Anisocnemus Chaudoir, 1843: 391. Type Species: Anisocnemus validus Chaudoir, by

monotypy.

This monobasic genus ranges from Mexico into South America.

Trichopselaphus Chaudoir

Thchopselaphus Chaudoir, 1843: 399. Type Species: Trichopselaphus subiridescens Chaudoir,

by monotypy.

This genus contains T. minor Bates from Mexico and T. subiridescens from South America;

a key to them would be useful.

Hartonymus Casey

Hartonymus Casey, 1914: 135, 165.Type Species: Hartonymus hoodi Casey, by original

designation and monotypy.

Ball (1960, 1963, 1968) provided keys for identification of this monobasic Nearctic genus.

Stenomorphus Dejean

Stenomorphus Dejean, 1831: 692, 696. Type Species: Stenomorphus angustatus Dejean,

by monotypy.

Agaosorna Menetries, 1843: 63. Type Species: Agaosorna californicus Menetries, by monotypy.

Darlington (1936) revised 9 species of this predominately Neotropical genus and later (1937)

described a tenth from Cuba.

Amblygnathus Dejean

Amblygnathus Dejean, 1829a: 4, 62. Type Species: Amblygnathus cephalotes Dejean,

designated by Brulle, 1835: 10.

This Neotropical genus contains 10 species; all need revision.

Gynandropus Dejean

Gynandropus Dejean, 1831: 810, 817. Type Species: Gynandropus americanus Dejean (
=

G. hylacis Say), by monotypy.

Two species are recorded from the United States and 1 2 from Mexico and/or Central and

South America. Lindroth ( 1968) redescribed G. hylacis. A revision is needed.

Harpalellus Lindroth

Harpalellus Lindroth, 1968: 815. Type Species: Harpalus basilaris Kirby, by original designa-

tion and monotypy.

Lindroth (1968) described this monobasic Nearctic genus and (1969) provided keys for

its identification.



Supra-Specific Taxa of Harpalini 43

Aztecarpalus Ball

Aztecarpalus Ball, 1970: 97. Type Species: Harpalus hebescens Bates, by original designation.

Ball (1970) revised the 7 species of this Neotropical genus.

Trichotichnus Morawitz

Trichotichnus Morawitz, 1863: 63. Type Species: Trichotichnus longitarsis Morawitz, by

monotypy.

subgenus Trichotichnus Morawitz

Trichotichnus Morawitz, 1863: 63. Type Species: Trichotichnus longitarsis Morawitz, by

monotypy.

Iridessus Bates, 1883: 240. Type Species: Harpalus lucidus Morawitz, designated by Habu,

1954: 245.

Amaroschesis Tschitscherine, 1897a: 28. Type Species: Zabrus chinensis Fairmaire, designated

by Andrewes, 1939a: 130.

Asmerinx Tschitscherine, 1898b: 183: Type Species: Carabus laevicollis Duftschmid, designated

by Tschitscherine, 1900: 363.

Episcopellus Casey, 1914: 220, 235. Type Species: Feronia autumnalis Say, by original desig-

nation.

Pteropalus Casey, 1914: 64, 131. Type Species: Harpalus vulpeculus Say, designated by Habu,

1954: 245.

Carbanus Andrewes, 1937: 27. Type Species: Carbanus flavipes Andrewes, by monotypy.

NEW SYNONYMY.
Velimius Jedli^ka, 1952a: 51. Type Species: Velimius edai Jedlicka, by original designation

and monotypy.

The nominate subgenus contains 54 Palaearctic, 19 Oriental, 14 New Guinea (one of which

also occurs in the Moluccas), 4 Nearctic, and 1 Neotropical species.

See the following works for keys to species: Darlington (1968) for New Guinea; Habu (1973)

for Japan; Lindroth (1968) for northern North America; Schauberger (1936) for the Palaearctic

T. laevicollis Duftschmid and 3 related Palaearctic species and for 1 8 Palaearctic species he

regarded as members of the former s,uhgQn\\‘& Amaroschesis. A revision of the species is needed.

subgenus Pseudotrichotichnus Habu

Pseudotrichotichnus Habu, 1973: 225. Type Species: Trichotichnus nanus Habu, by original

designation.

This subgenus includes the 3 species listed by Habu (1973) and T. bouvieri Tschitscherine,

T hingstoni Andrewes, T. javanus Andrewes, T. lamprus Bates, T. nigricans Schauberger, and

T. sumatrensis Andrewes. The aggregate range of the 9 species is from Japan through China

into India and down the Indo-Australian Archipelago into New Guinea.

See Habu for a key to the 3 Japanese species and Darlington (1968) for a key permitting

identification of T nigricans, the sole species recorded from New Guinea. A revision that

treats all the species is needed.
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Kareya Andrewes

Kareya Andrewes, 1919: 473. Type Species: Platymetopus erebia Bates, by original designa-

tion.

This Oriental genus includes the 4 species listed by Csiki (1932: 1210). A revision is needed.

Harpalisciis Bates

Harpaliscus Bates, 1892: 340. Type Species: Harpaliscus birmanicus Bates, by monotypy.

Schauberger (1934c) provided a key to the 4 species then known of this Oriental genus.

Jedlicka (1949) described a fifth, H. matsumurai.

Axinotoma Dejean

Axinotoma Dejean, 1829a: 4, 29. Type Species: Axinotoma fallax Dejean, by monotypy.

subgenus Axinotoma Dejean

Axinotoma Dejean, 1829a: 4, 29. Type Species: Axinotoma fallax Dejean, by monotypy.

Metarpalus Jeannel, 1946: 159, 161. Type Species: Metarpalus ambigenus Jeannel, by

original designation and monotypy. NEW SYNONYMY.

Basilewsky (1950) provided keys to the 9 then known species of this Ethiopian subgenus

and later (1968a, b) described a total of 2 additional ones.

subgenus Siopelus Murray NEW STATUS

Siopelus Murray, 1859: 27. Type Species: Siopelus calabaricus Murray, by monotypy.

Harpalidium Kolbe, 1883: 17. Type Species: Harpalidium punctiger Kolbe, by monotypy.

Orinophonus Alluaud, 1917a: 92. Type Species: Orinophonus kilimanus Alluaud, designated

by Basilewsky, 1946b: 251. NEW SYNONYMY.
Africobatus Basilewsky, 1946b: 253, 257. Type Species: Hypolithus harpaloides Guerin-

Meneville, by original designation and monotypy. NEW SYNONYMY.
Neosiopelus Basilewsky, 1946b: 253, 257. Type Species: Ophonus punctatellus Reiche, by

original designation and monotypy. NEW SYNONYMY.
Hapocoleus Jeannel, 1948: 652, 654. Type Species: Harpalus micans Klug, by original

designation and monotypy.

Liosepus Basilewsky, 1950: 174, 176. Type Species: Siopelus diatypoides Basilewsky, by

original designation and monotypy. NEW SYNONYMY.

Basilewsky (1950) provided keys to the 41 species then known of this Ethiopian subgenus,

and both Basilewsky (1962, 1967b) and Clarke (1973) described additional species. Axinotoma

basilewskyi is here proposed as a new name for Neosiopelus kilimanus Basilewsky, 1962, a

junior secondary homonym of Orinophonus kilimanus Alluaud, 1917.

Afromizonus Basilewsky

Afromizonus Basilewsky, 1947: 204. Type Species: Afromizonus tecospilus Basilewsky, by

original designation.
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See Basilewsky (1950) for keys to the 3 species of this Ethiopian genus.

Xenodochus Andrewes

Xenodochus Andrewes, 1941: 317. Replacement name for Xenodus Andrewes. Type Species:

Xenodus dabreui Andrewes, since Article 67(i) of the International Code of Zoological

Nomenclature states that the replacement genus name must have the same type species

as the original one.

Xenodus Andrewes, 1924: 92. Type Species: Xenodus dabreui Andrewes, by monotypy.

{Xenodus Andrewes, 1924 is a junior homonym of Xenodus Miller, 1892).

Afropangus Jeannel, 1946: 159, 161. Type Species: Selenophorus senegalensis Dejean, by

original designation.

Basilewsky (1950) provided a key to the 8 Ethiopian species. There is also 1 species in

India and another in Ceylon. A key to all species is needed.

Aulacoryssus Alluaud

Aulacoryssus Alluaud, 1916: 63-69. Type Species: Hypolithus aciculatus Dejean, by original

designation.

suhgQmxs, Aulacoryssus Alluaud

Aulacoryssus Alluaud, 1916: 63-69. Type Species: Hypolithus aciculatus Dejean, by original

designation.

Basilewsky (1950) provided a key to 2 species of this Ethiopian genus and later (1968b)

described a third.

subgenus Pseudosiopelus Alluaud

Pseudosiopelus Alluaud, 1916: 66-68. Type Species: Hypolithus pulchellus Dejean.

Basilewsky (1950) provided a key to 8 species of this Ethiopian genus and (1956a) modified

his earlier key to permit identification of a ninth.

Pseudodiachipteryx Burgeon

Pseudodiachipteryx Burgeon, 1936: 277-278. Type Species: Pseudodiachipteryx expansipennis

Burgeon, by monotypy.

Basilewsky (1950) provided keys for identification of this monobasic Ethiopian genus.

Parophonus Ganglbauer

Parophonus Ganglbauer, 1892: 340, 345. Type Species: Carabus maculicornis Duftschmid,

designated by Jeannel, 1942: 625.
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subgenus Parophonus Ganglbauer

Parophonus Ganglbauer 1892: 340, 345. Type Species: Carabus rnaculicornis Duftschmid,

designated by Jeannel, 1942: 625.

Hypolithus Dejean, November, 1829: 5, 166. Type Species: Carabus saponarius Olivier,

designated by Hope, 1838: 84. {Hypolithus Dejean November, 1829 is a junior homonym
of Hypolithus Eschscholtz January, 1829).

Tachyophonus Tschitscherine, 1900b: 235, 236. Type Species: Harpalus planicollis Dejean,

designated by Jeannel, 1942: 625.

Hyparpalus Alluaud, 1930: 162. Type Species: Hypolithus tomentosus Dejean, by original

designation. NEW SYNONYMY.
Heterohyparpalus Basilewsky, 1946b: 252. Type Species: Hypolithus integer Peringuey, by

original designation. NEW SYNONYMY.

This subgenus contains 24 Ethiopian species, 12 Palaearctic, and 9 Oriental. Basilewsky

(1950) provided a key to 20 Ethiopian species, listed 3 additional as incertae sedis and later

(1968a) described a twenty-fourth. The following regional studies aid in identification of

some Palaearctic species: Antoine (1959) for Morocco; Bedel (1895-1900) for northern Africa;

Reitter ( 1 900) for Europe and adjacent areas. A revision treating all species, especially Palae-

arctic and Oriental ones, is needed.

subgenus Ophonomimus Schauberger

Ophonomimus Schauberger, 1923: 72. Type Species: Harpalus hirsutulus Dejean, by monotypy.

Pseudokareya Schauberger, 1933c: 77, 78. {nomen nudum because Schauberger, 1933, did

not designate a type species).

This subgenus contains 3 Oriental and 2 Palaearctic species; all need revision.

subgenus Ophoniseus Bates

Ophoniscus Bates, 1892: 337. Type Species: Ophoniseus iridulus Bates, designated by Andrewes,

1939a: 136.

This subgenus contains 3 Oriental species; all need revision.

Pseudo hyparpalus Basilewsky

Pseudohyparpalus Basilewsky, 1946b: 252, 257. Type Species: Ophonus angustipennis Putzeys,

by original designation.

Basilewsky (1950) provided a key to the 13 then known species of this Ethiopian genus and

later (1956b) described a fourteenth, P. mossoensis.

Platymetopus Dejean

Platymetopus Dejean, 1829a: 4, 68. Type Species: Platymetopus vestitus Dejean, designated

by Hope, 1838: 88.

This genus contains: 26 Ethiopian species; 6 Oriental; one, P. flavilabris Eabricius, wide-

spread in the Oriental and present in China and Japan of the Palaearctic; and one, P. pietus

Andrewes, present in India, Ceylon and Yemen. Basilewsky (1950) provided a key to 24 of
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the Ethiopian species and in addition listed 2 incertae sedis, later ( 1 959a) declared one of the

former incertae sedis, P. irisans Brancsik, to be a synonym of Aidacoryssus vermieulatus

Putzeys, and finally (1967a) described P. sudanieus. Habu (1973) redescribed P. flavilabris. A
revision that treats all species, especially the Oriental, is needed.

Hyphaereon W. S. MacLeay

Hyphaereon W. S. MacLeay, 1825: 22. Type Species: Harpalus (Hyphaereon) reflexus W. S.

MacLeay, by monotypy.

Calathomimus Bates, 1886: 77. Type Species: Calathominius maculatus Bates, designated by

Andrewes, 1939a: 131.

This genus contains 4 species in Ceylon, 5 in Oriental portions of the Indo-Australian

Archipelago, and 3 in New Guinea. Darlington (1968) provided a key to the 3 New Guinea

species; the remainder need revision. A key to all 12 species would be useful.

Lampetes Andrewes

Lampetes 1940: 536. Replacement name for Bates. Type Species:

Laniprophonus lucens Bates, since Article 67(i) of the International Code of Zoological

Nomenclature states that the replacement genus must have the same type species as the

original one.

Laniprophonus Bates, 1890: 101. Type Species: Laniprophonus lueens Bates, by monotypy.

(Laniprophonus Bates, 1890 is a junior homonym of Laniprophonus Morris, 1837.)

This Oriental genus contains 8 species. Schauberger (1935) provided a key to 7 of them;

Louwerens (1962) described the eighth and related it to Schauberger’s key.

Prakasha Andrewes

Prakasha Andrewes, 1919: 474. Type Species: Platymetopus ( ?) arnariformis Bates,

by original designation and monotypy.

This genus contains P. arnariformis Bates, from Burma.

Coleolissus Bates

Coleolissus Bates, 1892: 338. Type Species: Hypolithus perlucens Bates, designated by

Andrewes, 1939: 132.

Darlington (1968) provided a key to the 2 New Guinea species and Habu (1973) to the 1

Japanese species and to 3 Oriental and 1 undescribed Australian ones. Eight additional Oriental

species are known. A revision is needed.

Dioryehe W. S. MacLeay

Dioryche W. S. MacLeay, 1825: 21. Type Species: Harpalus (Dioryehe) torta W. S. MacLeay,

by monotypy.

Hypodioryehe Schauberger, 1935: 93. Type Species: Platymetopus cavernosa Putzeys, by

original designation.
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This genus contains 14 species. Andrewes (1933) provided a key to the 1 1 forms found in

India and Burma. A revision that treats all 14 species is needed.

Oesyperus Andrewes

Oesypenis Andrewes, 1923: 444. Type Species: Oesyperus imctuhis Andrewes, designated by

Andrewes, 1939a: 136.

Oesiperus Csiki, 1932: 1210. (typographical error).

Oesyparus XndxQSNQS,, 1939a: 136. (typographical error).

The 3 species of this Oriental genus need revision.

Oxycentropsis Schauberger

Oxycentropsis Schauberger, 1934c: 89. Type Species: Trichotichnus orinus Andrewes, by

original designation.

Schauberger (1938) gave a key to 3 of the 6 species of this Oriental genus.

Laparhetes Jeannel

Laparhetes Jeannel, 1946: 159, 160. Type Species: Laparhetes alluaudi Jeannel, by original

designation and monotypy.

subgenus Laparhetes Jeannel

Laparhetes Jeannel, 1946: 159, 160. Type Species: Laparhetes alluaudi Jeannel, by original

designation and monotypy.

Basilewsky (1950) provided a key to the 2 species of this Ethiopian subgenus.

subgenus Paratheles Basilewsky

Paratheles Basilewsky, 1950: 1 15, 116. Type Species: Ophonus tibialis LaFerte-S^nectere,

by original designation and monotypy.

Basilewsky (1950) provided keys for identification of this monobasic Ethiopian subgenus.

Harpathaumas Basilewsky

Harpathaumas Basilewsky, 1947: 200. Type Species: Harpathaumas priscus Basilewsky, by

original designation and monotypy.

Basilewsky (1950) provided keys for identification of this monobasic genus known from

1 male and 1 female from Ethiopia.

Harponixus Basilewsky

Harponixus Basilewsky, 1950: 88, 170. Type Species: Harponixus pubescens Basilewsky, by

original designation and monotypy.

Basilewsky (1950) provided keys for identification of this monobasic genus known from

1 male from Tanzania.
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Hirpastohis Basilewsky

Hirpastohis Basilewsky, 1947: 202. Type Species: Hirpastohis maynei Basilewsky, by original

designation and monotypy.

Basilewsky (1950) provided keys for identification of this monobasic Ethiopian genus.

Phyrometus Basilewsky

Phyrometus Basilewsky, 1946b: 253, 257. Type Species: Phyrometus seriepimctatus Basilewsky,

by original designation and monotypy.

Basilewsky (1950) provided keys for identification of this monobasic Ethiopian genus.

Prostalomiis Basilewsky

Prostalomus Basilewsky, 1950: 90, 250. Type Species: Haplocoleus parcepimctatus Jeannel,

by original designation and monotypy.

Basilewsky (1950) provided keys for identification of this monobasic genus known from 1

male from Madagascar.

Nothodaptiis Maindron

Nothodaptus Maindron, 1906: 252. Replacement name ^ox Agriodus Peringuey. Type Species:

Agriodus simplex Peringuey, since Article 67(i) of the International Code of Zoological

Nomenclature states that the replacement genus must have the same type species as the

original one.

Agriodus Peringuey, 1896: 317, 420. Type Species: Agriodus simplex Peringuey, by monotypy.

{Agriodus Peringuey, 1896 is a junior homonym of Agriodus Smith, 1840).

Basilewsky (1950) provided keys for identification of this monobasic genus, based on 1

male and 1 female from South West Africa.

Oxycentrus Chaudoir

Oxycentrus Chaudoir, 1854: 345. Type Species: Oxycentrus parallehis Chaudoir, by mono-

typy.

Agreuter Schmid t-Goebel, 1846: plate 3, figure 2, on back cover. Type Species: Agreuter

melas Schmidt-Goebel, by monotypy. (Since Schmidt-Goebel (1846) illustrated A. melas,

Habu (1973: 22) was incorrect to declare Agreuter a nomen nudum.). {Agreuter Schmidt-

Goebel, 1846 is a junior homonym of Agreuter Lepeletier & Serville, 1828).

Oxycentrus contains 8 Oriental species and O. argutoroides Bates, found in China and

Japan. Habu (1973) redescribed the latter species. A revision is needed.

Bellogenus Clarke

Bellogenus Clarke, 1971a: 264. Type Species: Bellogenus amazeus Clarke, by original

designation and monotypy.

Clarke (1971a) described this monobasic genus from Ethiopia.
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Orphanixus Clarke

Orphanixus Clarke, 1971b; 366. Type Species: Orphanixus gibbiensis Clarke, by original

designation.

Clarke (1971b) included 2 species from Ethiopia in Orphanixus and later (1972a) included

a third, also from Ethiopia.

The Bradybaeni group

Diagnosis. - Frontal foveae of head each without clypeo-ocular prolongation. Mentum with or without median tooth.

Ligula with 2 distal ventral setae. Paraglossae glabrous or pubescent. Fore tarsi of male with first 4 articles expanded laterally

and with ventral biseriate vestiture. Mid tarsi of male same as fore tarsi or unmodified. Hind tarsi with first article long in

species of Pseudoselenophorus and Parasiopelus, short in species of other genera. Abdominal sterna with fringe of setae on

posterior borders. Median lobe of male genitalia with ostium deflected to left in species of Boemimetes and Harpalomorphus,

not so deflected in species of other genera.

Distribution. - All taxa are Ethiopian except for 1 Oriental species in each of Bradybaenus

and Ooidus

.

Supra-specific taxa. —

Pseudoselenophorus Peringuey

Pseudoselenophorus Peringuey, 1896: 418, 428. Type Species: Pseudoselenophorus imitator

Peringuey, by monotypy.

Basilewsky (1951) provided keys for identification of this monobasic genus.

Parasiopelus Basilewsky

Parasiopelus Basilewsky, 1946b: 253, 257. Type Species: Hypolithus ornatus Peringuey, by

original designation.

Tukyellus Basilewsky, 1947: 198. Type Species: Tukyellus latestriatus Basilewsky {= P. orna-

tus Peringuey), by original designation and monotypy. NEW SYNONYMY.

Basilewsky (1950, 1951) treated//, ornatus Peringuey as the sole species of Tukyellus,

attempted to set aside his prior (1946b) designation of H. ornatus as type species of Parasiopelus,

and wrote that Hypolithus lucens Putzeys was the new type species of Parasiopelus. This

attempted change of type species contravened Article 61 of the International Code of Zoolo-

gical Nomenclature; Hypolithus ornatus is still the type species of Parasiopelus. Basilewsky

(1950) included 5 species in his newly Parasiopelus: Coleolissus radama Alluaud;

Parasiopelus charicus Basilewsky; //yp<2rpdt/t/.? congoanus BurgQon; Hypolithus lucens Putzeys;

and Harpalus micans Klug. Harpalus micans is the type species of Haplocoleus Jeannel which

replaces the generic name “Parasiopelus” for these five species. {Haplocoleus is in this paper

regarded as congeneric with the subgenus Siopelus of the gtnm Axinotoma.) In 1957 Basilew-

sky described P. somalicus, from Somalia, under the generic name Tukyellus. Parasiopelus

thus contains 2 species: P. ornatus and P. somalicus.

Bradybaenus Dejean

Bradybaenus Dejean, 1829a: 4, 160. Type Species: Carabus scalaris Olivier, designated by

Hope, 1838: 84.
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Calodromus Nietner, 1858: 181. Type Species: Calodromus exornatus Nietner (
= B. festivus

Dejean), by monotypy. {Calodromus Nietner, 1858 is a junior homonym of Calodromus

Guerin-Meneville, 1832).

See Basilewsky (1951) for a key to the 1 1 Ethiopian species; a twelfth species, B. festivus,

occurs in India and Ceylon. A key to all 1 2 species would be useful.

Ooidus Chaudoir

Ooidus Chaudoir, 1847: 2. Replacement name for Pteroglossus Chaudoir. Type Species:

Ooidus suturalis Chaudoir {- O. ephippium Dejean), since Article 67(i) of the International

Code of Zoological Nomenclature states that the replacement genus must have the same

type species as the original one.

Pteroglossus Chaudoir, 1843: 3, 405. Type Species: Pteroglossus suturalis Chaudoir, by mono-

typy. (Pteroglossus Chaudoir, 1843 is a junior homonym of Pteroglossus Illiger, 1811).

Basilewsky (1951) provided a key to the 5 Ethiopian species; a sixth, 0. advolans Nietner,

occurs in India and Ceylon. A key to all 6 species would be useful.

Geodromus Dejean

Geodromus Dejean, 1829a: 5, 164. Type Species: Geodromus dumolinii Dejean, by mono-

typy.

Dejean (1829a) reported the single included species to be from Senegal and to be

common there. Basilewsky, who has extensive knowledge of the Carabidae of Africa, noted

(1951) that he had been able to find only type specimens of this species and that it probably

came from a continent other than Africa.

Boemimetes Peringuey

Boemimetes Peringuey, 1896: 453. Type Species: Harpalus ephippium Boheman, designated

by Basilewsky, 1946b: 255.

Basilewsky (1951) provided a key to the 4 species.

Harpalomorphus Peringuey

Harpalomorphus Peringuey, 1896: 418, 454. Type Species: Harpalomorphus capicola Peringuey,

designated by Basilewsky, 1946b: 255.

Raphalus Casey, 1914: 64, 65. Type Species: Raphalus convergens Casey, by original designa-

tion and monotypy.

See Basilewsky (1951) for a key to the 4 species.

The Acinopi group

Diagnosis. - Head relatively large. Genae each with preocular sulcus for reception of first antennal article. Mentum with

or without median tooth; with 1 seta on each side of median area. Submentum with 1 seta at each side. Ligula with 2 distal

ventral setae and in Heteracantha depressa Brulle with 1 or 2 very short fine setae on dorsum and apex. Paraglossae pubescent.

Fore and mid tarsi of male with first 4 articles expanded laterally and with ventral biseriate vestiture in some taxa, not expanded

and without ventral vestiture in other taxa. Fore and mid tarsi of many females with first 4 articles expanded laterally but with-

out ventral biseriate vestiture. First article of each hind tarsus shorter than 2 + 3. Each elytron with basal edge sloped and with
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broad appearance in dorsal view; ninth stria removed from lateral margin and tenth interval distinct. Median lobe of male geni-

talia with ostium dorsal in position.

Distribution. -Species of this Palaearctic group are primarily centered in lands bordering the

Mediterranean.

Supra-specific taxa. —

Acinopus Dejean

Acinopus DeJean, 1821: 13. Type Species: Carabus megacephalus Illiger (
= A. picipes Olivier),

by monotypy (see below).

Dejean (1821: 13) placed 5 species names in Acinopus. Two of these names {A. maculipennis

and A. scaritoides were nomina nuda. The remaining three names [A. megacephalus Illiger,

A. tenebrioides Duftschmid, and A. pasticus Germar) had been previously described. Dejean

treated these three valid names as synonyms of a single species as shown by a line drawn

around the left margin of these names and by the single locality given in the right margin. The

oldest and first listed of the 3 names is A. megacephalus-, this is therefore the type species of

Acinopus by monotypy. I do not know the original generic name under which ''megacephalus''

were described by Illiger). Csiki (1932: 1086) attributed authorship of Acinopus to Latreille

(1829: 389), but the latter was merely referring to the Acinopus of Dejean.

This Palaearctic genus contains 22 species. Puel (1934) revised the 19 species then known.

Mateu (1954) described a new species in the nominate subgenus, and Schatzmayr (1935, 1943)

added a total of 2 new species to the nominate subgenus. Antoine (1959) provided a key to

Moroccan species. A key to all 22 species is needed.

subgenus Acinopus Dejean

Acinopus Dejean, 1821: 13. Type Species: Carabus megacephalus Illiger (
= A. picipes Olivier),

by monotypy.

Acmastes Schaum, 1863: 76. Type Species: Acmastes haroldii Schaum, by monotypy.

Oedematicus Bedel, 1897: 123. Type Species: Acinopus megacephalus Rossi,by monotypy.

Haplacinopus Semenov, 1899: 608. Type Species: Acinopus striolatus Zoubkoff, by mono-

typy.

This subgenus contains 21 species.

subgenus Osimus Motschulsky

Osimus Motschulsky, 1850: key VII and p. 24. Type Species: Acinopus ammophilus Dejean

(second species listed), here designated.

This subgenus contains only the type species.

Dregus Motschulsky

Dregus Motschulsky, 1864: 195. Type Species: Dregus nitidus Motschulsky {= D. glebalis

Coquerel), by monotypy.

Antoine (1959) provided keys for identification of this monobasic North African genus.
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Heteracantha Brulle

Heteracantha Brulle, 1834; 383. Type Species: Heteracantha depressa Brulle, by monotypy.

Antoine (1959) provided keys for identification of this monobasic genus found in North

Africa and the Middle East.

The Bleusei group

Diagnosis. - Head relatively large. Mandibles projected laterally from sides. Antennae short, moniliform; scapes almost

as long as articles 2 + 3. Mentum without tooth; with 1 seta on each side of median area. Submentum with 2 setae on each

side, Ligula narrow, with 2 distal ventral setae. Fore and mid tarsi of male unmodified. Hind tarsi very stout, especially article

1. Each elytron with basal border vertical, narrow in dorsal view; ninth stria adjacent to lateral border and tenth stria indis-

tinct. Median lobe of male genitalia with ostium deflected to left.

Distribution. - The species of the single included genus occur in northern Africa and the

Transcaspian Region.

Supra-specific taxon. —

Bleusea Bedel

Bleusea Bedel, 1896b: 345. Type Species: Bleusea deserticola Bedel, by monotypy.

Antoine (1959) redescribed B. deserticola, found in northern Africa. The other species,

B. arnmophila Tschitscherine, occurs in the Transcaspian Region. A key to both species is

needed.

The Dapti group

Diagtiosis. - Head relatively large. Frons with dentiform process above each antennal insertion. Genae each with preocular

sulcus for reception of first antennal article. Antenna moniliform and short in species of Daptus, filiform but short in species

of Cratacanthus. Mentum very slightly swollen medially in species of Daptus \ with very prominent sharp median tooth in

species of Cratacanthus-, 1 seta on each side of slight swelling or tooth. Submentum with 2 setae on each side. Ligula narrow,

with 2 distal ventral setae. Paraglossae short, glabrous. Fore and mid tarsi of male unmodified. First article of hind tarsi of

species of Daptus relatively long, almost equal to articles 2 + 3, short in species of Cratacanthus. Each elytron with basal

edge sloped and with broad appearance in dorsal view
; ninth stria removed frorn lateral margin and tenth interval distinct.

Median lobe of male genitalia of species ofDaptus symmetrical and with fully sclerotized venter; in species of Cratacanthus

strongly asymmetrical and with venter sclerotized only proximally and along right side.

Distribution. - Daptus is a Palaearctic genus while Cratacanthus is Nearctic.

Daptus Fischer von Waldheim

Daptus Fischer von Waldheim, 1824: 35. Type Species: Daptus vittatus Fischer von Waldheim,

designated by Hope, 1838: 88.

Reitter ( 1900) provided a key to the 4 species then known. Jedlicka (1939, 1965) described

a total of 2 additional ones. A key to all 6 species is needed.

Cratacanthus Dejean

Cratacanthus Dejean, 1829a: 4, 40. Type Species; Cratacanthus pennsylvanicus Dejean (
=

C. dubius Beauvois), by monotypy.

Findroth (1968) redescribed this genus, stated it probably contains only C. dubius, and

(1969) provided a key for identification of the genus.
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The Amblystomi group

Diagnosis. - Head relatively large. Clypeal apex very deeply emarginate, labral base exposed in emargination. Mentum

and submentum separated by complete transverse suture. Mental tooth absent. Mentum without setae in most taxa. Fore

and mid tarsi of male unmodified or with first 4 articles laterally expanded and with ventral biseriate vestiture. Scutellar striae

absent or each appearing to arise from stria 1 due to having captured distal portion of stria 1 and thus leaving base of stria 1

to appear as scutellar stria. Median lobe of male genitalia with ostium dorsal in position.

Distribution. - Taxa occur in all faunal regions but the Nearctic.

Supra-specific taxa. —

Amblystomus Erichson

Amblystomus Erichson, 1837: 59. Type Species: Acupalpus mauritanicus Dejean, designated

by Andrewes, 1939a: 130.

Hispalis Rambur, 1838: 135. Type Species: Acupalpus mauritanicus Dejean, by original

designation and monotypy.

Artizoum Gistl, 1857: 603. Type Species: Trechus convexus MacEeay, by original designation

and monotypy.

Megaristerus Nietner, 1858: 427. Type Species: Megaristerus indicus Nietner, designated by

Basilewsky, 1951: 275.

Blackburn, 1888: 1 85. Type Species: A/"otop/2z7i75 graczYA Blackburn, designated by
\

Basilewsky, 1951: 275.

Thenarotidius Sloane, 1898: 456, 461. Type Species: Bembidium gagatinus MacEeay, by

original designation.

Psilonothus Sloane, 1899: 557. Type Species: Psilonothus ovalis Sloane, by monotypy.

Entomorrhinus 1948: 727, 729. Type Species: Amblystomus orpheus EaFerte-

Senectere, by original designation.

Basilewsky (1951) provided a key to 54 Ethiopian species and later described (1953a, 1959b,

1963, 1964) a total of 5 new ones. Reitter ( 1 900) provided a key to the 10 Palaearctic species

then known, and Jedlicka (1961) described an eleventh. The genus also contains 31 Oriental

species, 12 Australian, and one, A. indicus, which occurs from Ceylon to Australia. Eandin

(1955) provided a key to Burmese and Indian species. A revision which treats all species is

needed; Oriental and Australian species especially need study.

Anomostomus EaFerte-Senectere

Anomostomus EaFertGSenectere, 1853: 376. Type Species: Anomostomus torridus EaFerte-

Senectere, by original designation.

Basilewsky (1951) provided a key to the 2 Ethiopian species: the third, A. orientalis Andrewes,

occurs in India. A species key is needed.

Barysomus Dejean

Barysomus Dejean, 1829a: 4, 56. Type Species: Barysomus hoepfneri Dejean, designated by

Brulle, 1835: 12.

All 6 species of this Neotropical genus need revision.
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Oosoma Nietner

Oosoma Nietner, 1857: 144. Type Species: Oosoma arenaria Nietner (
= O. gyllenhali Dejean),

(first species listed), here designated.

Both species of this Oriental genus need revision.

The Ditom
i
group

Diagnosis. - Head transverse, relatively large in many taxa, in some taxa with dorsal or ventral tubercules. Genae of some

taxa each with preocular sulcus for reception of first antennal article. Mentum and submentum separated by complete trans-

verse suture. Mentum with median tooth; 1 seta at each side of tooth base in some taxa. Ligula thick; in most taxa with an

apical ventral plate; with 2 distal ventral setae, except species of Eriotomiis with additional finer and shorter setae on dorsum

and/or sides. Paraglossae glabrous or pubescent. Penultimate articles of labial palpi of some taxa each greatly elongated and

with dense fringe of setae on anterior margin. Fore tarsi of male unmodified, except some species of Carterus have some

articles of male fore tarsi laterally expanded and with irregular to somewhat biseriate sparse ventral vestiture. Each elytron

with basal border absent or incomplete in most taxa. Sixth abdominal sternum of female of many taxa with distal margin

medially enlarged and plate-like. Median lobe of male genitalia relatively small; ostium dorsal in position.

Distribution. — Taxa are centered in lands around the Mediterranean, with a few species

occurring inland in Europe and with the genus Phorticosomus being endemic to the Australian

Region.

Supra-specific taxa. —

Oedesis Motschulsky

Oedesis Motschulsky, 1850: key VI and p. 20. Type Species: Ditomus caucasicus Dejean, here

designated (see below).

Eriotomus Piochard de la Brulerie, 1873: 1 1, 72. Type Species: Ditomus tomentosus Dejean,

designated by Stichel, 1923: 85. NEW SYNONYMY.
Eriocypas Tschitscherine, 1901: 225. Type Species: Ditomus caucasicus Dejean, by original

designation. NEW SYNONYMY.

Oedesis originally (Motschulsky, 1850: p. 20) included 'dongicornis Stev. Cat. p. 21 (OphonusY',

apparently a nomen nudum, but is a valid generic name because of its treatment in the key.

Apparently no valid species have been placed in Oedesis before now. Dejean (1831: 520) re-

named Ophonus longiconiis as Ditomus caucasicus. In the interest of nomenclatural stability,

I have designated Ditomus caucasicus as the type species of Oedesis.

Reitter ( 1900) provided a key to 4 of the 6 species of this Palaearctic genus under the generic

name Eriotomus.

Pachycarus Sober

Pachycarus Sober, 1835: 666. Type Species: Pachycarus latreillei Sober, by monotypy.

See Schauberger (1932a) for a key to all taxa of this Palaearctic genus.

subgenus Mystropterus Chaudoir

Mystropterus Chaudoir, 1842: 844. Type Species: Ditomus coeruleus Bmlle {= P. cyaneiis

Dejean), by original designation and monotypy.

This subgenus contains 3 species and ranges from Greece to Syria.
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subgenus Paramystropterus Schauberger

Paramystropterus Schauberger, 1932a: 155. Type Species; Mystropterus brevipennis Chaudoir,

by original designation and monotypy.

The single species occurs in Asia Minor and the Middle East.

subgenus Pachycarus Solier

Pachycarus Solier, 1835; 666. Type Species; Pachycarus latreillei Solier, by monotypy.

Carterocanis Tschitscherine, 1900: 222. Type Species: Pachycarus latreillei Solier, by original

designation and monotypy.

The sole species occurs in Asia Minor.

Chilotomus Chaudoir

Chilotornus Chaudoir, 1842: 846. Type Species: Ditomus chalybaeus Falderman, by monotypy.

Cholochilus Motschulsky, 1850: 21. Replacement name for Chilotomus Chaudoir. Type Species;

Ditomus chalybaeus Falderman, since Article 67(i) of the International Code of Zoological

Nomenclature states that the replacement genus must have the same type species as the

original one.

Kryzhanovskii (1962) revised the 6 species of this Palaearctic genus.

Eucarterus Reitter

Eucarterus Reitter, 1900; 37, 53. Type Species: Eristomus sparsutus Reitter, by monotypy.

Reitter (1900) provided a key for identification of this monobasic Palaearctic genus.

Bronislavia Semenov

Bronislavia Semenov, 1891: 280, 285. Type Species: Bronislavia robusta Semenov, by

monotypy.

Mikhaylov (1970) revised the 3 species of this Palaearctic genus.

Pseiidaristus Reitter

Pseudaristus Reitter, 1900: 34, 48. Type Species: Ditomus modestus Schaum, by monotypy.

Schauberger (1934d) provided a key to the 2 species of this Palaearctic genus.

Carenochyrus Solsky

Carenochyrus Solsky, 1874: 49. Type Species: Carenochyrus titanus Solsky, by monotypy.

Reitter (1900) provided a key for identification of this monobasic Palaearctic genus.

Machozetiis Chaudoir

Machozetus Chaudoir, 1850: 448. Type Species; Harpactes lehmani Menetries, by original
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designation and monotypy.

Harpactes Menetries, 1849: 24. Type Species: Harpactes lehmani Menetries, by monotypy.

{Harpactes Menetries, 1849 is a junior homonym of Harpactes Swainson, 1833).

Dioctes Menetries, 1849: unnumbered Errata sheet bound in after p. 328 in the British

Museum copy. (R. Madge, personnal communication). Replacement name fox Harpactes

Menetries. Type Species: Harpactes lehmani Menetries, since Article 67(i) of the Interna-

tional Code of Zoological Nomenclature states that the replacement genus must have the

same type species as the original one. {Dioctes Menetries, 1849 is a junior homonym of

Dioctes Gistl, 1848.).

Reitter (1900) provided a key to the 2 species of this Palaearctic genus under the generic

name "'Dioctes''\

Eocarterus Stichel

Eocarterus Stichel, 1923: 49, 90. Type Species: Ditornus chodsenticus Ballion, by original

designation.

Apterocarterns Stichel, 1923: 49, 91. Type Species: Sabienus (Odontocarus) esau Heyden,

by original designation.

Iberocarteriis Antoine, 1959: 334. Type Species: Ditornus baeticus Rambur, by original

designation, (validation of Iberocarterus Csiki, 1932: 1029, nomen nudum because Csiki

used Schauberger’s manuscript name without designating a type species).

The 7 species of this Palaearctic genus need revision.

Carterns Dejean

Carterus Dejean, 1829b: 232. Type Species: Carterus interceptus Dejean, by original desig-

nation and monotypy.

Distomus Stephens, 1827: 37, 43. Type Species: Distomus leachi Stephens, ( = C. fulvipes

Latreille), designated by Hope, 1838: 81. {Distomus Stephens, 1827 is a junior homonym
,

of Distomus Gaetner, 1774.).

Odogeniiis Sober, 1835: 660, 664. Type Species: Aristus fulvipes Latreille, designated by

Stichel, 1923: 45.

This Palaearctic genus is here considered to contain 4 subgenera. Authors disagree as to

the proper rank of most included taxa, and a revision of all taxa is needed.

subgenus Microearterus Antoine

Microearterus Antoine, 1959: 336, 337. Type Species: Ditornus gracilis Rambur, by original

designation.

Antoine (1959) provided a key to the 2 species of this subgenus from southern Europe

and northern Africa.

subgenus Carterus Dejean

Carterus Dejean, 1829b: 186, 232. Type Species: Carterus interceptus Dejean, by monotypy.

Csiki (1932) listed 10 species plus 3 incertae sedis. Reitter ( 1900) provided a key to the 10

species Csiki listed as Carterus {C ignoratus Stichel was treated in the key as C. angustipermis
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Piochard de la Brulerie). Schaiiberger (1934a) described C boschi and C. kulgeri from Syria.

Antoine (1959) described C debilis and provided a key to the other Moroccan species. A
revision is needed.

subgenus Odontocanis Sober

Odontocariis Sober, 1835: 662. Type Species: Ditomiis robustus Dejean, designated by

Stichel, 1923: 45.

Macrocarteriis Stichel, 1923: 49, 93. Type Species: Ditomus cephalotes Dejean, by original

designation.

See Reitter (1900) for a key to 4 of the 7 species; a revision is needed.

Tschitscherinellus Csiki

Tschitscherinellus Csiki, 1906: 60. Type Species: Ditomus cordatus Dejean, by monotypy.

Antoine (1959: 346) declared Tschitscherinellus Csiki a nomen nudum, presumably because

Csiki (1906: 60) provided no generic description. However, the name is valid because Csiki

included D. cordatus Dejean, a previously described species, in Tschitscherinellus.

Reitter (1900) treated the 2 species, C eordatus Dejean and C oxygonus Chaudoir, as

members of the subgenus Odontocanis and provided a key to them.

Ditomus Bonelli

Ditomus Bonelli, 1810. Tabula Synoptica. Type Species: Scarites calydonius Rossi, designated

by Hope, 1 838: 81

.

Aristus Latreille, 1816: 190. Replacement name fox Ditomus Bonelli. Type Species: Scarites

calydonius Rossi, since Article 67(i) of the International Code of Zoological Nomenclature

states that the replacement genus must have the same type species as the original one.

Sabienus Des Gozis, 1882: 290. Type Species: Scarites calydonius Rossi, subsequent designa-

tion by Des Gozis, 1 886: 7.

Euditomus Acloque, 1896: 53. Type Species: Scarites calydonius Rossi, designated by Antoine

1959: 346.

Reitter (1900) provided a key to the 2 species, D. calydonius and D. tricuspidatus Fabricius.

Dixus Billberg

Dixus Billberg, 1820: 27. Type Species: Scarites bueephalus Olivier (second species listed)

(= A. clypeatus Rossi), here designated.

Gonoxyaristus Stichel, 1923: 50, 95. Type Species: Aristus capito Serville, by original

designation.

Antoine (1959) listed the Moroccan species under the generic name ‘''Ditomus'’' and provided

a key to them. Reitter (1900) provided a key to 7 of the 1 1 species (under the generic name
Aristus, A. interruptus Fabricius was listed in the key as A. opacus Erichson). A revision of the

species of this Palaearctic genus is needed.
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Proditomus Schauberger

Proditonuis Schauberger, 1934d: 232. Type Species; Proditomus minis Schauberger, by

original designation and monotypy.

This Palaearctic genus is monobasic.

Phorticosomus Schaum

Phorticosomiis Schaum, 1863: 78. Type Species: Phorticosomus felix Schaum, by monotypy.

This genus contains 17 Australian species; all need revision.

Peuthophonus Reitter

Peuthophomis Reitter, 1900; 59. Type Species: Peutliiis peyroni Piochard de la Briilerie, by

monotypy.

Pentophonus 1932: 1061 (typographical error).

This Palaearctic genus contains 5 species; all need revision.

Grainger Motschulsky

Grainger Motschulsky, 1864; 197. Type Species; Grainger aigirinus Motschulsky (
= G. femoralis

Coquerel), by monotypy.

Carterophonus Ganglbauer, 1892: 341. Type Species: Harpahis cordicoUis Serville, by mono-

typy-

Antoine (1959) provided a key to 2 of the 6 species of this Palaearctic genus; a revision is

needed.

Incertae Sedis

Amphibia Perroud & Montrousier

Amphibia Perroud & Montrousier, 1864: 69. Type Species: Amphibia pallipes, by monotypy.

Csiki (1932; 1 259) listed the monobasic Tahitian Amphibia as a synonym of Stenolophus.

But Amphibia probably belongs in Bembidini rather than Harpalini since; Perroud and Mon-

trousier (1864) placed Amphibia in the “Bembidionides”; and the generic description seems

to be that of a bembidine as does the wet habitat suggested by the name '"Amphibia".

Bottchrus Jedlicka

Bottchrus Jedlicka, 1935: 8. Type Species: Bottchrus philippinus Jedlicka, by monotypy.

This monobasic genus is recorded from the Phillippines.

Haplaner Chaudoir

Haplaner Clvdudoir, 1878; 514. Type Species: Harpahis veiox Castelnau, by monotypy.

The 4 species of this Australian genus need revision.
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Merocteuiis Gemminger & Harold

Merocteuus Gemminger & Harold, 1868: 262. Replacement name for Ctenomerus Chaudoir.

Type Species: Ctenomerus cremilatus Chaudoir, since Article 67(i) of the International

Code of Zoological Nomenclature states that the replacement genus name must have the

same type species as the original one.

Ctenomerus Chaudoir, 1843: 408. Type Species: Ctenomerus cremilatus Chaudoir, by mono-

typy. {Ctenomerus Chaudoir, 1843 is a junior homonym of Ctenomerus Schdnherr, 1843.).

Gemminger and Harold’s ( 1 868: 262) replacement of Ctenomerus Chaudoir, 1 843 by

Merocteuus suggests that they were acting as first revisers to place Chaudoir’s name as a

junior homonym of Ctenomerus Schdnherr, 1843. Therefore, I have treated Chaudoir’s name

as the junior homonym.

The monobasic Merocteuus is recorded from Sudan, Africa.

Orthogenium Chaudoir

Ortliogenium Chaudoir, 1835: 432. Type Species: Orthogenium femorale Chaudoir, by

monotypy.

This monobasic genus is recorded from Tahiti.

Smirnovia Lutshnik

Smirnovia Lutshnik, 1922: 62. Type Species: Smirnovia tristis Lutshnik, by monotypy.

This monobasic genus is recorded from Turkestan.

IDENTIFICATION OF HARPALINES

Species revisions are listed under the appropriate supra-specific taxa in the preceding section

on Classification. The present section presents information of use in identifying harpalines to

the genus level and also discusses major faunal studies of assistance in identification to the

species level.

Genera and subgenera of the subtribe Anisodactylina may be identified with keys provided

by Noonan (1973, 1974).

Genera and subgenera belonging to subtribes other than Anisodactylina may often be identified

by use of one or more of the following primarily faunal works.

Nearctic. - Ball (1960b, 1963, 1968) and Lindroth (1968, 1969) may be used in conjunc-

tion to determine genera and subgenera from North America north of Mexico. And Lindroth

(1968) provides excellent keys to Canadian and Alaskan species and to many United States

ones. Ball (1960b, 1963, 1968) is of assistance in identifying some Mexican genera and sub-

genera.

Neotropical. - No reliable key exists to all the genera and subgenera of this region. The

key in Ball ( 1 960b, 1 963, 1 968) distinguishes some supra-specific taxa, and Bates ( 1 882, 1 884,

1 891a) is often of assistance in identifying taxa from Central America and Mexico.

Palaearctic. - Reitter ( 1900) gives keys to most Palaearctic taxa known at that time; how-

ever the classification of some taxa treated by him has changed. Tschitscherine (1901) pro-

vides a key to Palaearctic genera then known while Jacobson (1907) has a key to the genera

then known from Russia and Europe; the classification of many taxa treated by these authors

has changed. Antoine (1959) provides a good key to Moroccan species, and Bedel (1895-1900)
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is of assistance in identifying some taxa from other areas of northern Africa. Habii (1973) has

excellent keys to taxa found in Japan. Hansen’s (1968) keys permit identification of Danish

specimens to species. Jeannel’s (1942) keys enable determination of French specimens to

species and identification of some specimens from areas adjacent to France. Lindroth (1961,

1974) provides excellent keys to Swedish and British species respectively. Porta (1923) gives

keys to Italian species.

Ethiopian. - Basilewsky (1950, 1951) has revised the harpalines of the Ethiopian Region

and may be used for identification to the species level.

Oriental. - The harpaline fauna of this region is not well known. Unless the specimen at

hand belongs to a genus also found in a faunal region for which there are adequate generic

keys, the reader will have to compare the specimen with determined material and with original

descriptions.

Australian. ~ The excellent keys of Darlington (1968) together with the taxonomic supple-

ment (1971 ) may be used to identity New Guinea specimens to species. Darlington’s keys may
also be of assistance in sorting some Australian specimens to genus and occasionally to species.

Chaudoir (1878) may be useful in identifying some Australian specimens. In general, the har-

paline fauna of the Australian Region is poorly known.

ADDENDA (added in proof)

The Subtribe Stenolophina

Kaffovatus Clarke

Kaffovatus Clarke, 1972b; 395. Type Species: Kaffovatus basilewskyi Clarke, by original

designation and monotypy.

Clarke (1972b) described this monobasic genus which occurs in Ethiopia.
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aeneus F., Car., 36

aenigma Tschit., Harp., 33

aenigma Tschit., Ophon. 33
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Agreuter Sch., 49
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amerieaniis Dej., Gyn., 42
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Amphibia Perr. & Mon., 59
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Anisostichus Emd., 1
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Asmerinx Reit., 3, 4, 16
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Aiilacoryssus All., 45
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Barysomi, 28
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Bradybaeni, 3, 4, 28
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Bradycellina, 16
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brasiliensis Chd., Rliag., 10
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,
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capicola Harpl, 51

capita Mor., Harp., 33
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Carbanus Andrewes, 3, 4, 43
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castelnaui Csiki, Cen., 9
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Celiamorphus Csy., 41

Cenogmus Sloane, 9

Ceplialagyna Csy., 13

Ceplialomorphus Tschit., 33

Cephalophonus Gangl., 31

ceplialotes Csy ., Ago., 27

cephalotes Y9 q]., Amb., 42
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cephalotes Fai. & Lab., Harp., 31

Cephalotypsis Tschit., 34

cereberus Brit., Phol, 27

chalybaeus Faid., Dit., 56

charicus Basil., Para., 50

chilensis Chd., Polp., 26

chilensis Sol., Harp., 10

Chilotomus Chd., 56

chinensis Fair., Zab., 43

chobaiiti SCD., Licin., 34

chobautianus Fwi., Harp., 34

chodsenticus Fall., Dit., 57

Cholochilus Mots., 56

Chydaeus Chd., 1

2

circumcinctus Mots., Megr., 1

8

circumcinctus S\val., Brady., 19

ciscaucasicus Fni?,., Harp., 33

clypeatus Rossi, Mm., 58

clypeatus Rossi, Dix., 58

coeruleus Bridle, Dit., 55

Coleolissus Bts., 47

collaris Payk., Car., 19, 20

Colochilus Mots., 56

congoaniis Fuxg., Hypar., 50

Conicus Mots., 3, 4, 36

conjunctus Say, Sten., 17

conjunctus sp. group, 1

7

consputus Drift., Car., 24

constrictus Ophon., 12

convergens Csy., Raph., 51

convexus McL., Tree., 54

conviva Miall., Pareg., 28

eordatus Dej., Cart., 58

cordatus Do]., Dit., 58

eordatus LeC., Crat., 38

cordicollis Horn, Owe., 41

cordicollis LeC., Geob., 20

cordicollis Sqy\\IIo, Harp., 59

cordifer Not.
,
Harp.

,

3 8

Cordoharpalus Hatch, 38

Crasodactylus Guer., 8

Cratacanthi, 3,4, 29

Cratacanthus Dej., 29, 30, 53

Cratocara LeC., 3, 4, 26

Cratocarina, 16

Cratocarini, 3,4, 15

Cratognathus Dej., 39, 40

Cratognathus Perty, 3, 4, 6

Cratognathus Woll., 3, 4, 6

Cratosoma Jean., 28

crenulatus Chd., Cten., 60

cremilatus Dej., Sten., 28

cribriceps Chd., Pacliy., 26

Criniventer Fmd., 10

Ctenomerus Chd., 60

Ctenomerus Schon., 60

cunctipeps Fall, Harp., 38

cupreus F>C]., Harp., 36

curtulus Mots., Brady., 20, 21

cyanescens Hope, A nop.

,

1

8

cyaneus DC]., Pachy., 55

cycloderus Sol., Ophon., 39

cy lindricus DC]., Par., 27

Cylloscelis Curt., 27

Cyphogenius Chd., 39

Cyptornicrus Vinson., 25

dabreui And., Xen., 45

Dapti group, 29, 53

Daptini, 3, 4, 28

Daptomorplius Chd., 39

Daptus Fisch., 29, 53

debilis Ant., Cart., 58

dejeani Fiiq., Anisod., 13

dentipennis FXs., Anop., 23

dentipes 'WiQd., Hyph., 9

depressa Fml.
,
Heter., 51, 53

Desbordesius Maind., 21

deserticola FedC, Bleu., 53

desertus sp. group, 38

Diachromus Er., 15, 32

Diaphoromerus Chd., 10

diatypoides Basil., Siop., 44

Diatypus Murray, 1

1

Dichaetochilus Basil., 1

1

Dicheirotrichus Jac., 22

Dicheirus Mannh., 1 5

Dichiropsis Jean., 1

1

Dichirotrichi, 3, 4, 15

Dichirotrichus Schaum, 22

Dichirus Agas., 1 5

Dichirus Seid., 3, 4, 6

dilatatus angulatus Csy., Die., 8, 16

dilatatus Dej., Harp., 1

5

Dioctes Gistl, 57

Dioctes Men., 57

Dioctini, 3, 4, 28

Dioryche McL., 47
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Dioryche Per., 3, 4, 6

Diorychi, 3, 4, 28

discipennis Dq]., Agon., 26

Discodenis LeC., 41

discoideus Dej.
,
A nisod.

,

1

4

discophorus Chd., Anop., 1

8

discrepans Mor., Harp., 36

Distomus Gaetner, 57

Distomus Step., 57

Ditomi group, 30, 55

Ditomici, 3, 28

Ditomus Bonelli, 58

Ditomus Solier, 3, 4, 6

Dixus Billb., 3,4, 58

dohrnii Murray, Diatypus 1

1

Dregus Mots., 52

dubius Beauv., Crat., 53

dumolini Dej., Geod., 51

ebenius Hcyd., Harp., 36

Ectinothorax All, 39

edai Jed., Vel, 43

Egadroma Mots., 18

Egadyla AIL, 19

Egaploa All., 28

elegans Dej., Acup., 23

elegans Dej., Stenol, 23

elevatus Lox., 18, 19

ellipticus Bis., Hyp., 35

ellipticus Curt., CylL, 27

ellipticus Dej., Selen., 41

Encephalus Per., 39

Entomorrhinus Jean., 54

Eocarterus Stic., 57

ephippium Bo\v., Harp., 51

ephippium Dej., Ooid., 51

Epiharpalus Reitter, 36

Episcopellus Csy., 38, 43

erebia Bts., Platy., 44

Eriocypas Tschit., 3, 4, 55

Eriophonus Tschit., 33

Eriotomus Pioc., 3, 4, 55

Erpeinus Mots., 3, 4, 36

erraticus Say, //arp., 37

erro LqC., Melan., 26

erro LeC., Polp., 26

esau Hey., Sab., 57

etruscus Quen., Car., 15

Eucarterns Reitter, 56

Eucephalus Lap., 39

Eudichirus Jean., 1

1

Euditomus Acl., 58

Euharpalops Csy., 37

Euharpalus Hatch, 37

Euryderi, 28

Eurydenis LeC., 16, 29, 30

Eurytrichini, 8

Eurytrichus LeC., 10

Euthenarus Bts., 3,4, 27

exornatus Niet., Cal, 51

expansipennis Burg.
,
Pseu.

,

45

fallax Dq]., Axin., 44

felix Schm., Phor., 59

femorale Chd., Orth., 60

femoralis Coq., Gran., 59

festivus Brady., 51

flavescens P. & M., Harp., 35

flavilabris E., Platy., 46, 47

flavilabris Eair., Crat., 39

flavipes And., Carbanus, 43

flavipes Dq]., Melan., 26

foliolosa Niet., Lep., 18

franzi Mat., Harp., 37

fraternus LqC., Harp., 37

frimbriatus Bis., Brady., 21

froelichi St., Harp., 36

fulgens sp. group, 38

fulvescens Bts., Trip., 8

fulvicollis^QSN., Amp., J4, 15

fulvicornis Bts., Sten., 1

8

fulvilabris sp. group, 38

fulvipes Lai., Aristas, 57

fulvipes Lat., Carteras, 57

fuscipalpis Biutm, Harp., 36

gagatinus VicC., Bemb., 54

Gaioxenus Broun, 8, 9

Geodromus Dej., 51

Geopini, 8

Geopinus LeC., 14, 16

germanus L., Car., 15, 32

gibbiensis Clarke, Orphanixus, 50

glaber Dari., Lyt., 40

Glanodes Csy., 38

glebalis Coq., Dreg., 52

Glycerins Csy., 19

Gnathaphani, 8

Gnathaphanus McL., 9

gonidius Bis., Sten., 17

Goniocellus Csy., 22
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Goniolophus Csy., 23

Gonoxyaristus Stic., 58

gracilis BVo., Not., 54

gracilis RdLmh., Dit., 57

grandiceps Bts., Brady., 21

grandiceps Kq\X., Harp., 33

Graniger Mots., 59

Granigeri, 3, 4, 29

Granigerini, 29

gregarius Fau., Nes., 40

grossus Say, Eury., 30

Gugheorites Basil., 25

gyllenhali Dej., Oosoma, 55

Gynandromorphus Dej., 15

Gynandropus Dej., 42

Gynandro tarsus LaF., 14

Haplacinopus Sem., 52

Haplaner Chd., 59

Haplocentrus LeC., 14

Haploharpalus Schb., 36

Hapocoleus Jean., 44, 50

haroldii Schm., Acm., 52

Harpactes Men., 57

Harpactes Swain., 57

Harpalellus Lind., 42

Harpalidium Kolbe, 44

Harpali group, 29, 30

Harpalii, 3, 4, 5, 28

Harpalina, 3, 4, 5, 16, 28, 29

Harpalini, 3, 4, 5, 16, 59

harpalinus AuSer., Brady., 20

Harpalinus Jean., 39

Harpaliscus Bts., 44

Harpalobius Reitter, 36

Harpalobrachys Tschit., 30

Harpaloderus Reitter, 36

Harpalodes Basil., 39

harpalodes Guqv.

,

Hypol, 44

harpaloides LaF., Gynand., 14

Harpalomerus Csy., 37

Harpalomimetes Schb., 12

Harpalomorphus Per., 50, 51

Harpalophonus Gangl., 33

Harpaloxenus Schb., 29, 30, 40

Harpaloxys Reitter, 3, 4, 36

Harpalus Latreille, 31, 35, 36

Harpalus Lat., s. str., 31, 35, 36

Harpathaumas Basil., 48

Harponixus Basil., 48

Hartonymus Csy., 42

Hayekius Habu, 1

2

hebescens Bts., Harp., 43

hellmichi itd., Pachy., 26

Herniaulax Bates, 23

Hemisopalus Csy., 41

Hesperophonus Ant., 33

Heteracantha Briil., 53

Heteracanthi, 3, 4, 28

Heterohyparpalus Basil., 3, 5, 46

Hexatrichus Tschit., 13

kingstoni And., Trick., 43

Hippolaetina, 3, 4, 15, 16, 17

Hippolaetini, 16

Hippolaetis Cast., 16, 17, 25

Hirpastolus Basil., 49

kirsutulus T>c]., Harp., 46

Hispalis Ram bur, 54

hoepfneri Dej., Bary., 54

koodi Csy., Hart., 42

kospes 5>X.,Harp., 33

kumeralis Mots., Sten., 17

Hydroporomorpka Bab., 25

Hydroporomorpka West., 25

kylacis Say, Gynand., 42

Hyparpalus Alluaud, 3, 5, 46

Hypkaereon McL., 47

Hypkarpax McL., 9

Hypodiorycke Schb., 47

Hypolitkus Dej., 46

Hypolitkus Esch., 46

kypsibius All., Keny., 23

Hypsinephus Bts., 35

Iberocarterus Ant., 57

Iberocarterus Csiki, 57

Idiomelas Tschit., 23

ignoratus Stic., Cart., 57

imitator Ter., Pseud., 50

incrassatus T)q]., Dap., 14

indianus Csihi, Harp., 51

indicus Andr., Cras., 8

indicus NicX., Ambly., 54

indicus KicX., Megar., 54

innocuus sp. group, 38

inornatus BXs., Acup., 25

insidiosus All., Tkau., 18

insidiosus Chd., Lee., 1

insularis T>is., Mir., 9

integer Per., HypoL, 46
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interceptus Dej., Cart., 57

intermedins Anisod., 13

interriiptiis ¥.,Dixus, 58

interruptiis ¥.,Aris., 58

interstitialis KAt., Acup., 24

interstitialis S?iy,Amph., 14, 15

Iridessus Bts., 43

iridipennis did., Diap., 10

iridulus Bts., Ophonis., 46

irisans Bran., Platy., 47

isthmianus Csy., Conic., 22

itoshimamis Habu, Ophon., 33

Iwosiopelus Nak. & Is., 9

javanus And., Trick., 43

javanus Redt., Sagr., 9

javanus Schb., Harplo., 40

jeanneli Basil., Progon., 8

jeanneli Basil., Rasnod., 1

1

jeanneli Rhabid., 28

Kaffovatus Clarke, 61

karennius Rts,., Amsod., 13

Kareya Andrewes, 44

Kenyacus Alluaud, 23

kilimanus All, Orin., 4, 5, 44

kilimanus Basil., 4, 5, 44

kly ns trai Andr., Rhy., 8, 12

kulgeri Schb., Cart., 58

labia tus Er., Crat., 39

laeticolor Bts., Bracy., 21

lae tus Dq}., Harp., 14

laeviceps McL., Pachau., 9

laevicollis Duft., Car., 43

laevis Curt., Harp. 1

1

laevistriatus St., Progon., 1

1

Lampetes Andr., 47

Lamprophonus Bts., 47

Lamprophonus Mor., 47

lamprus Bts., Trick., 43

Laparketes Jean., 48

Laparketes Jean. s. str., 48

Lasiokarpalus Reit., 36

lateralis McL., Harp., 9

latestriatus Basil., Tuky., 50

latreillei Sol., Pachy., 55, 56

leacki Step., Dist., 57

Lecanomerus Chd., 7

lecontei CAki, Brady., 20

lekmani Men., Harpac., 56, 57

leiroides Mots., Harp., 30

Lepitkrix Niet., 1

8

Leptocellus Miill., 25

leucopus Bts., Then., 1

lewisi Schb., Brady., 21

Licinoderus SCO., 34

limbatus Quen., Anisod., 1

1

limbipennis ¥ts.,Notio., 10

linearis LcC., Brady., 21

lineola ¥ ., Car., 17

Liocellus Mots., 19, 20

Liocellus Tschit., 20

Liochirus Tschit., 39

Liodaptus Bts., 40

Lioholus Tschit., 27

Liosepus Basil., 3, 5, 44

liparops Andr., Psych., 21

lividus YAug, Angion.

,

18

lobipes Tschit., Harp., 35

Lobokarpalus Schb., 35

lodingi Schf., Anisod., 1

3

longitarsis Mor., Trick., 43

Loxoncus Sch., 3, 4, 18, 19

Loxopkonus Reitt., 35

lucens ¥t^.. Lamp., 47

lucens Csy., Goniol, 23

lucens ¥\xiz., Hypol, 50

lucidus Mor., Harp., 43

lugubris Dej., Selen., 12

lugubris Dej., Xest., 29

lutea ^csi.,Hydrop., 25

Lyter Dark, 29, 30, 40

Machozeti, 3, 4, 28

Machozetus Chd., 56

Macrocarterus Stic., 58

Macrophonus Tschit., 31

maculatus Bts., Calath., 47

maculipennis Dq]., Acin., 52

maculicornis Duft., Car., 45

madagascariensis Dq]., Harp., 36

mandibularis Dej., Crat., 39

mandibularis Dej., Cyphog., 39

mandschuricus }Qd., Anisod., 13

Manicellus Mots., 23

mannerheimi Sahl., Brad., 3,4, 22

marginatus Dej., Egad., 1

8

marginatus McL., Anop., 19

marginatus McL., Lox., 19

matsumurai }Qd., Harpal, 44

mauritanicus Dq]., Acup., 54
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maynei Basil, Hirp., 49

meditermneus Csiki, Acup., 24

megacephalus Illiger, y4cz/z., 52

megacephaliis Illiger, Car., 52

megacephalus Rossi, yl cm., 52

Megapangiis Csy., 37

Megaristems Niet., 54

Megrammus Mots., 18

Melanotus Dej., 26

Melanotus Erichson, 26

melas Sch., Agreu ter, 49

melbournensis Cast., Gnath., 9

meridianus Andr., Harp., 34

meridiauus L.,Acup., 23, 24

Meroctenus G. & H., 60

metallescens Tschit., Lioh., 27

Metarpalus Jean., 4, 5, 44

Metophonus Bedel, 32

rnexicanus Bts.,Rogon., 27

mexicanus Dej., Harp., 1

0

micans King, Harp., 44, 50

Micracinopus Csy., 39

Microcartems Ant., 57

microcephalus VAd., Harp., 35

Microderes Paid., 34

Microharpalus Tschit., 36

Microsarus, 9

Migadophonus Tschit., 33

m/zzor Bts., Trichop., 42

Mirosarus Bts., 9

mirus Schb.,Prod., 59

modestus Schaum, Ditomus, 56

morio Men., Sten., 23

Morphogynandrus Car., 15

mossoensis B'dsii., Pseud., 46

musudai, Nak. & \s., Iwosiopelus, 9

Mystropterus Chd., 55

nanulus Tschit., Harp., 36

nanus Habii, Trich., 43

nebriodes ?ty Notio., 10

Nemaglossa Sol, 7

Nematoglossa G. & H., 7

Neoharpalus Mat., 37

neopaUipes new name, Trach., 4, 5, 8

Neopangus Tschit., 3, 4, 34

Neopardileus Habu, 33

Neophygas new name, 3, 4, 35

Neosiopelus Basil, 4, 5, 44

Nesacinopus Tschit., 3, 4, 40

Nesarpalus Bedel, 40

Nesarpax All, 39

nicki Emd.
,
Anisot., 10

nigricans Schb., Trich., 43

nigriceps sp. group, 20

nigrinus sp. group, 20

nigrinus T)C]., Harp., 20

Nipponbradycellus Habu, 21

Nipponharpalus Habu, 36

nitescens Bts., Pehn., 1

nitidus DC]., Acup., 19

nitidus Mots., Dreg., 52

nitidiis Mots., Phy., 35

Nothodaptus Maind., 16, 49

Nothopus LeC., 30

Notiobia Pty., 10

Notiobia Pty. 5. str., 10

Notophilus Bib., 54

Notospeophonus Moore, 7

obliquus Horn, Harp., 38

oblongiusculus Dej., Harp., 1

1

oblongus DC]., Agon., 5, 4, 25, 26

oblongus Bchm., Harp., 31

obscurus Chd., Chyd., 1 2

obscurus F., Car., 32

obsoletus Dej., Harp., 22

obtusanguhis ¥Ad., Harp., 35

ochropus Dej., Anisod., 1

1

Odogenius Sol, 57

Odontocarus Sol, 58

Oedematicus Bedel, 52

Oedesis Mots., 3, 5, 55

Oesiperus Csiki, 48

Oesyparus Andr., 48

Oesyperns Andr., 48

Oligoxemus Basil, 1

1

Omostropus Per., 39

Ooidus Chd., 50, 5

1

Ooistus Mots., 3, 4, 36

Oosoma Niet., 3, 4, 55

opacus Er.,Arist., 58

Opadius Csy., 38

opalinus LeC., Selen., 41

Ophonidae, 28

Ophoniscus Bts., 46

Ophonomimus Schb., 46

Ophonus Dej., 31, 32, 33, 55

optabilis DC]., Harp., 36

optabilis Paid., Harp., 3, 4, 36
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Oreoxenus Tschit., 3, 4, 22

orientalis Andr., Anom., 54

Orinophonus AIL, 4, 5, 44

orinus Andr., Tricho., 48

ornatiis Per., Hypol. 50

ornatus Per., Paras., 50

Orphanixiis Clarke, 50

orpheus LaF., Ambly., 54

Orthogeniiim Chd., 60

Osimiis Mots., 3, 4, 52

ovalis SI., PsiL, 54

overlaeti Burg., Anis., 12

overlaeti Bmg., Phan. 8

Oxycentropsis Schb., 48

Oxycentnis Chd., 49

oxygoniis Chd., Cart., 58

Pachauchenius McL., 9

Pachycarina, 3, 4, 28

Pachycanis Sol., 55, 56

Pachycarus Sol. .s. str., 56

Pachytracheli, 3, 4, 15

Pachytrachelini, 16, 17

Pachytrachelus Chd., 16, 17, 26

Palcuapus Habu, 25

palliatus F., Car., 41

pallipes Chd., Cypho., 39

pallipes Dej., Acn., 4, 5, 8

pallipes Ger., A cup., 4, 5, 8

pallipes P. & M., Amp., 59

Pangus Dej., 34

Parabarts Br., 8, 9

Paradiatypiis Basil., 1

1

parallela Sol.,Po/p., 26

parallelus Chd., Oxyc., 49

paralleliis Hald., Selen., 41

Paramecus Dej., 16, 17, 27

Paramystrop terns Schb., 56

Parasiopelus Basil., 4, 5, 50

Paratheles Basil., 48

parcepunctatus Jean., //<2p/., 49

Pardileus D. G., 4, 5, 33

Paregaploa Miill., 28

Parhalus Jean., 36

Parophonus Gangl., 3, 5, 33, 45

parviceps Csy., Agonol.

,

1

8

parviceps Csy., Stenol, 1

8

parvicollisAschii., Trichoc., 22

pasticus Gqx., Acin., 52

pastor Mots., Harp., 3, 4, 36

pauperculus F>C]., Acup., 24

pelagicus Wollaston, Crat., 3, 4, 40

Pelagophilus Tschit., 22

Pelmatellina, 3, 5, 6

Pelmatellinae, 6

Pelmatellus Bts., 6, 7

pennsylvanicus Dej., Crat., 53

Penthophonus Reit., 59

Penthus Chd., 30, 40

Pentophonus Csiki, 59

perlucens Bts., Hypolithus 47

peyronlBxxxX., Pent., 59

peyroni Car., Gy nand., 15

Phanagnathus Basil., 12

Pharalus Csy., 37

Pheuginus Mots., 3, 4, 36

phillipinus Jed., Bottchrus, 59

Philodes LeC., 23

Pholeodytes Brit., 27

Phorticosomus Schm., 29, 55, 59

Phygas Mots., 3, 4, 35

Phygas Trietschke, 3, 4, 35

Phymatocephalus Schm., 26

Phyrometus Basil., 49

piceus Guer., 24

piceus Horn, Pogon., 27

piceus Rott., Acwp., 24

picinus Chd., Dichirop., 1

1

picipes 0\.,Acin., 52

pictus Andr., Platy., 46

pictus Fair., Crat., 28

pilipalpis Br., Gaioxenus, 9

Piosoma LeC., 29, 30

placidus GylL, Harp., 20, 22

planicollis DC]., Harp., 46

Platus Mots., 3, 4, 5, 33

Platyrnetopus Dej., 29, 46

platynotus Bt?,.,Harp., 35

Plectralidus Csy., 37

poeciloides SiQp., Harp., 13

Pogonodaptus Horn, 16, 17, 27

politissimus Csy., Micr., 39

pollicus Vin., Cyptom., 25

Polpochila Sol., 16, 17, 26

Polpochila Sol. 5. str., 26

Polpochilinae, 15

porosus Putz., Syst., 25

praetermissus Luts., Harp., 33

Prakasha Andr., 47
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priscus Basil., //arp., 48

procerus Schm., Anop., 19

procerus Schm., Lox., 19

Proditomus Schb., 59

Progonochaetus MiilL, 8, 1

1

Prostalomus Basil., 49

proteus Pay., Car., 31

Protognathus Basil., 12

Pselaphoxys Raff., 21

Pselaphyxys Tschit., 21

Pseudamphasia Csy., 15

Pseudanisodactylus Noon., 13

Pseudaniso tarsus Noon., 8, 10

Pseudanthracus Habu, 24

Pseudaplocentrus Noon., 14

Pseudaristus Reit., 56

Pseudhexatrichus Noon., 13

Pseudodiachipteryx Burg., 45

Pseudodichirus Luts., 13

Pseudognathaphanus Schb., 12

Pseudohyparpalus Basil., 46

Pseudokareya Schb., 3, 4, 46

Pseudoophonus Mots., 33

Pseudophonus Mots., 31, 33

Pseudoselenophorus Per., 50

Pseudosiopelus AIL, 45

Pseudotrichotichnus Habu, 43

Psilonothus SI., 54

Psychistrus Csiki, 21

Psychristus Andr., 21

Pteroglossus Chd., 51

Pteroglossus Illiger, 51

Pteropalus Csy., 43

pubescens Basil., //arpon., 48

pueli Schb., Anisod., 13

pulchellus Dej., Hypol, 45

punetatellus Reic., Ophon., 44

punctatipennis }Aox., Anisod., 13

punctatipennis Ram.,//arp., 32

punctatostristus DC]., Harp., 34

punctatus Guer., Cras., 8

puncticeps Csy Harp., 38

punicus Bedel., Dichirotrichus, 22

punticeps Steph., Harp., 32

piinctiger Kolbe, Harld., 44

punctilabris McL., Harp., 1

2

punctulatus Hatch., Act/p., 24

punctulatus Hatch., Anthr., 24

quinquepustulatus Wied., Egad., 1

8

radama All., Col, 50

Rapahlus Luts., 35

Raphalus Csy., 51

Rasnodactylus Basil., 1

1

reflexus McL., Harp., 47

Rhabidius Basil., 28

Rhagodactylus Chd., 10

Rhysopus Andr., 12

riehi Schm., Phymat., 26

robusta Scm., Bron., 56

robustus Dc].,Dit., 58

robustus ¥a\d.. Micro., 34

rostratus Dav\., Pogon., 27

rotundangulus ¥ts., Anisod., 14

rotundatus Dej., Harp., 33

ruandanus Basil., Acup., 24

nibripes Drift., Car., 36

nifibarbis F.,Harp., 32

ruficornis F., Car., 31, 33

nifipes Deg., Harp., 31, 33

nifus Bvug., Harp., 35

rufus Bxhl., Anisod., 10

rufus Cast., Hipp., 25

rupestris Say, Tree., 20

rusticus Say, Harp., 14

ruwenzorii All., Prop., 23

Sabienus D. G., 58

Sabulicola Panz., Car., 31, 32

Sagraemerus Redt., 9

salinus Dc]., Harp,, 35

saponarius 01., Car., 46

scalaris 01., Car., 50

scaritides Stm., Harp., 34

scaritoides Dc].
,
Acin., 52

scotti Basil., Gugh., 25

sculp ticoUis Bm., Alloc., 8

Scybalicus Schm., 1

1

Selenalius Csy., 41

Selenophori group, 29, 41

Selenophorini, 28

Selenophorus Dej.. 41

semenowi Tschit., Harp., 34

Semiophonus Schb., 32

senegalensis Dej., Selen., 45

sericatus Bts., Athr., 3, 4, 41

sericeus Har.
,
Harp.

,

1

5

seriepunctatus Basil., Phy., 49

Setacupalpus Habu, 25

setiporus Reit., Harp., 35
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setosum LqC., Pios., 30

similisT>Q]., Acup., 19

simplex ?6r.,Agr., 49

sinuellus Bts., Acup., 24

Siopeliis Mur., 3, 4, 5, 44, 50

sjostedti Andi., Anisod., 12

sjostedti Andr., HarpL, 12

smaragdulus Car., 18

smaragdulus F., Egad., 18

Smirnovia Luts., 60

smithiy[\xr., Diat., 11

somalicus Paras., 50

spadiceus sp. group, 37

sparsutus Reit., Eris., 56

spinipes Miill., Lept., 25

Spongopus LeC., 14

Stenocellus Csy., 20

Stenolophidae, 3, 4, 15

Stenolophma, 3, 4, 5, 15, 16, 17, 61

Stenolophini, 16

Stenolophidius Jean., 19

Stenolophus Dej., 16, 17, 18, 59

Stenolophus Dej. 5. str., 17

Stenomorphidae, 28

Stenornorphus Dej., 42

Stilbolidus Csy., 10

subditus Lew., Brady., 21

subiridescens Chd., Trichop., 42

subosanus W'abix, Acup., 25

sudanicus Basil., Platy., 47

sulcator Fair., Crat., 39

sulciferTsohiX., Ophon., 32

Sulcophonus Schb., 32

sulphuripes Germar, //arp.
, 36

sumatrensis And., Trich., 43

suturalis Chd., Ooid., 51

suturalis Chd., Pter., 51

Syllectus Bts., 7

syriacus Dej., Harp., 32

Systenognathus Putz., 25

Tachistodes Csy., 24

Tachycellus-G^LUgl., 3, 4, 6

Tachycellus Horn, 3, 4, 6

Tachycellus Mor., 20

Tachycellus Seid., 3, 4, 6

Tachyophonus Tschit., 46

taciturnus Dej., Harp., 3, 4, 36

tadorcus Ball, Harp., 38

tantillus sp. group, 20

tardus Panz., Harp., 36

tasmanicus Bts., Then., 1

tecospilus Basil., A/rom., 44

tener LeC., A cup., 24

tener LqC.

,

Anthr., 24

tenebricosus Chd., Pent., 40

tenebrioides Drift., A cm., 52

tenebrioides Wal., Pent., 40

terminalis Chd., Sten., 19

terminata Say., Per., 10

tersulus Per., Omos., 39

testaceus LqC., Pang., 37

Te traplatypus A^chh., 19

teutonus "Schr., Car., 17

Thaumastonyx All., 18

Thenarellus Bts., 7

Thenarotes Bts., 7

Thenarotidius SI., 54

tibeticus Andr., Harp., 32

tibialis LaF., Ophon., 48

titanus Sol., Caren., 56

tomentosus Dej.,DzY., 55

tomentosus Dej., /Typo/., 46

torridus LaF., Azzom., 54

torta McL., Harp., 47

townsendi Brit., Phol., 27

Trachysarus Reed, 8

Trichocellus Gangl., 20, 22

Trichocellus Gangl.,.?. str., 22

Trichopselaphini, 28

Trichopselaphus Chd., 42

Trichotichini, 29

Trichotichnus Mor., 3, 4, 43

Trichotichnus Mor., 5. str., 43

tricuspidatus ¥ ., Dit., 58

Triliartlmis Csy., 16, 21

Triplectrus LeC., 14

Triplosarus Bts., 8

tristis Lrits., Smirnovia, 60

Tropicoritus All., 23

Tschitscherinellus Csiki, 58

Tukyellus Basil., 4, 5, 50

Typsiharpalus Tschit., 32

unctulus Andr., Oesy., 48

validus Chd., Anis., 42

vaporariorum ¥., Car., 17

Velimius Jed., 43

velox C^A., Harp., 59

veneris Csy., Brady., 21
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ventralis sp. group, 38

venniculatus Piitz., Aulac., 47

vernalis F., Car., 35, 36

venialis Diiftschmid, Car., 35

verticalis LeC., Spong., 14

vestigialis Er., Egad., 18

vestitus Dej., Platy., 46

vittatus Fisch., Dap., 53

vividus Dej., Harp., 40

volucer Andr., Sten., 1

7

vulneripennis McL., Gnath., 9

vulpeculus S>2iy, Harp., 43

wadei Csy., Euhar., 37

xanthopus Dej., Anisod., 1

1

xanthorhaphiis Wied., Harp., 39

Xenodochus Andr., 45

Xenodus Andr., 45

Xenodus Miller, 45

Xestonotus LeC., 12

zabroides All.
,
A nisod.

,

1

2

zabroides LeC., Eury., 30
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FURTHER OBSERVATIONS ON THE FUNCTIONAL MORPHOLOGY OF THE
HEAD AND MOUTHPARTS OE DRAGONFLY LARVAE (ODONATA)

Dr. Gordon Pritchard

Department of Biology

University of Calgary Quaestiones Entomologicae

Calgary, A Iberta 12: 89-114 19 76

The structure and museulature of the head and mouthparts of last instar larvae of Aeshna

interrupta lineata Walker and Libellula quadrimaculata L. are described. Particular attention

is paid to the features related to protraction of the labium, including the T-shaped hypopha-

ryngeal apodeme and the musculature in the elbow and at the base of the labium. Motion

picture recordings of the strike using camera speeds of up to 200 frames per seeond have allowed

a more detailed analysis of the strike than has previously been possible. The protraction of the

labium is arbitrarily divided into five phases and an explanation for the characteristics of this

sequence is offered. The primary force causing protraction of the labium is the hydraulic pres-

sure developed by contraction of the lateral muscles of the thorax and abdomen. However the

flexor muscles of the prementum are believed to be contracted during the early stages of pres-

sure build-up, and their sudden release would then provide a mechanism whereby additional

force is put into the strike. Such a proposal is supported by observations on the strike and also

by recordings of pressure ehanges in the thorax made by Olesen (1972). The T-shaped apodeme

provides support for the labial base, acts as the hinge for the postmentum, serves as the attach-

ment point for important muscles, and through its elastic properties allows the postmentum

to return after the strike.

Nous decrivons la structure et la musculature de la tete et des parties mandibulaires du

dernier stade larvaire de /’Aeshna interrupta lineata Walker and Libellula quadrimaculata L.

Nous avons paye une attention particuliere aux caracteristiques liees a la protraction du labium,

incluant les apodeme hypopharyngeale en forme de T et a la musculature dans le coudre et a

la base du labium. Une film pris a I’aide d’une camera enregistrant jusqua 200 images par seconde

nous a permis d’analiser en plus grand detail le mouvement de Vattaque. Nous avons divise la

protraction du labium en cinq phases arbitrages, et nous offrons une explication pour les carac-

teristiques de cette sequence. La pression hydrolique developpee lors de la contraction des mus-

cles lateraux du thorax et de Vabdomen devient la force primaire causant la protraction du labium.

Cependant nous croyons que les muscles flechisseurs du prementum sont contractes tres tot au

debut du developpement de la pression, et que leur reldchement soudain creerait a ce moment

un mechanisme parlequel une force additionnelle s’ajoute dans le movement d’attaque. Les

observations sur les mouvement d’attaques et Venregistrement du changement de pression dans

le thorax par Olesen (1972) supportent une telle proposition. L’apodeme en forme de T fournit

le support necessaire pour la base du labium, agit comme charniere du postmentum, sert comme
point dlattachement pour d’importants muscles, et permet le retour du postmentum apres

Vattaque grace a ses proprietes elastiques.

INTRODUCTION

In recent years several papers have appeared on the predatory behavior of larval Odonata

(e.g. Buchholtz, 1970; Richard, 1970; Caillere, 1972, 1973). The precise mechanism of the

strike still remains unclear, however. This paper presents previously unpublished observations

(Pritchard, 1963) on the morphology of the head and mouthparts of larval Anisoptera, some
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new data on the strikes by Aeshna canadensis Walker and Argia vivida Hagen, and an hypothesis

to explain labial protraction.

THE MORPHOLOGY OF THE HEAD AND MOUTHPARTS
OF LARVAE OF ANISOPTERA

Snodgrass (1954), Asahina (1954), and Short (1955) have given descriptions of the structure

and musculature of the head and mouthparts of larvae of Anax junius Drury, Epiophlebia superstes

Selys, and Aeshna cyanea Muller respectively, but comparable descriptions for libellulid larvae

are lacking.

There are two main types of head structure in larvae of Anisoptera; in the aeshnoid type

(Petaluridae, Gomphidae, Aeshnidae) the head is prognathous and the labium is flat (Fig. 1),

while in the libelluloid type (Cordulegasteridae, Synthemidae, Corduliidae, Macrodiplactidae,

Libellulidae) the head is more nearly hypognathous and the labium is spoon-shaped (Fig. 2).

In the following account, last instar larvae of Aeshna interrupta lineata Walker and Libellula

quadrimaculata L. are taken as representative of these two types.

The nomenclature used here follows Snodgrass (1935) for the most part. The homologies

of the distal lobes of the maxilla have been the subject of controversy in the past, but as Snod-

grass (1954) and Short (1955) have pointed out, the arrangement of the muscles precludes the

presence of a galea and points to the inner lobe being the lacinia and the outer lobe the palp.

There has also been some confusion over the terminology of the parts of the labium, for some

authors have used the terms “mentum” and “submentum” for the sclerites of the prelabium

and postlabium respectively. Corbet (1953) drew attention to this and proposed the use of the

terms “prementum” and “postmentum” in accordance with Snodgrass’s (1935) definition. The

terminology for the muscles of the labium follows Munscheid (1933).

Aeshna interrupta

Several features of the head capsule (Fig. 3 and 4) are associated with the structure of the

labium and the method of prey capture. The head is flattened and prognathous so that the mouth-

parts project forwards in a position to receive prey that is brought back by the labium. The

compound eyes are large and cover much of the front and sides of the head, especially in later

instars, and consequently there is a reduction of the genae. Lew (1933) has described the develop-

ment of the eyes during the larval stages of Aeshna umbrosa Walker, and morphology of the

eyes in relation to prey capture was considered by Pritchard (1966).

The coronal sulcus (cs) is well defined and branches anteriorly into the postfrontal sulci (pfs)

which run between the compound eyes (ce). Three areas of pigmentation (oc) on the vertex

(vx) mark the positions of the ocelli. The antennae play little if any role in prey detection, at

least in larger larvae (Pritchard 1965a). They have seven articles and are borne on raised areas

bordering the frons (fr). Between these areas and the compound eyes are the dorsal tentorial

maculae (td). The clypeus is large, convex and weakly divided into ante- and post-clypeus.

The posterior wall of the head capsule is concave and slopes in to the occipital foramen (for)

on all sides. The postocciput (po) is a narrow sclerite around the foramen and the posterior

tentorial pits are clearly visible in the bases of the postoccipital sutures (pos). There is no dis-

tinct division between the occiput (o) and the genae (gen), but the occipital sulci (os) are present

from the level of the posterior tentorial pits to the posterior articulations of the mandibles, thus

marking off the postgenae (pg). The hypostomal border of the head capsule and the postocci-

pital suture form strong ridges in the region of the posterior articulation of the mandible (pam),

providing a rigid framework for the support of this area during feeding.

The tentorium (pat, aat) is p/-shaped with anterior, posterior and dorsal arms all well-developed
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and forming a strong endoskeleton for the support of the head capsule and for the attachment

of certain muscles. The attachments of the dorsal and posterior arms have already been mentioned;

the anterior tentorial pits (ta) may be seen between the eyes and the bases of the mandibles.

The labrum of Aeshna interrupta (Fig. 5 and 6) is widest at its free anterior end and is three

times as wide as long. The epistomal sulcus is well defined. Aborally the labrum is well sclerotized

and the adoral side is membranous and bears gustatory sensilla (Pritchard, 1965b). There are

three pairs of labral muscles. The labral compressors (cplr) are a median pair entirely within

the labrum and inserted on its dorsal and ventral walls. The anterior labral muscles ( mlra) insert

medially at the labral base on the dorsal side and originate widely apart on the Irons. The pos-

terior labral muscles (mlrp) insert on the tormae at the proximal angles of the labrum on the

ventral side and they originate with the anterior labral muscles on the Irons.

The mandibles (Fig. 7 and 8) are stout, heavily sclerotized appendages. Four incisor teeth are

placed in a single line (in) at the distal end and below these is a ridge (mo), usually called the

molar ridge, with a tooth at each end. The molar ridge is, however, badly named since its function

is slicing rather than grinding. The base of the mandible is triangular with anterior, posterior,

and inner angles; the anterior and posterior angles articulate with the clypeus and the subgena

respectively. There are four muscles, two dorsal and two ventral, which serve the mandible. The

dorsal adductor (dad) is very large and originates over a wide area of the posterior wall of the

head capsule; it inserts through a small apodeme at the inner angle of the mandibular base. The

dorsal abductor (dab) is smaller; it originates on the head capsule below the adductor and inserts

through an apodeme just in front of the posterior articulation of the mandible. The ventral

muscles are small; one of them (vmh) originates on the base of the hypopharynx and is inserted

inside the cavity of the mandible on the lateral wall, and the other (vmt) originates on the anterior

arm of the tentorium and is inserted inside the cavity of the mandible on the posterior wall.

The maxilla (Figs. 9 and 10) has a one-segmented, flattened palp (mxp) and a broad lacinia

(Ic) that bears seven sharp teeth and many long, stiff setae. Each maxilla is served by seven mus-

cles, two of which originate on the head capsule between the dorsal mandibular muscles, two

originate on the body of the tentorium, and three originate within the stipes. Originating on

the head capsule are the anterior rotator of the maxilla (rtmxa) which inserts at the base of the

cardo, and the cranial flexor of the lacinia (flee) which inserts close to the base of the lacinia.

The adductor of the cardo (aded) and the adductor of the stipes (adst) originate on the body

of the tentorium. From the stipes (stp), the stipital flexor of the lacinia (Acs) inserts with the

cranial flexor, the depressor of the palp (dpmp) inserts at the outer angle at the base of the palp,

and the levator of the palp (Ivmp) inserts on the inner angle of the palpal base. The latter two

muscles are small and originate together at the distal end of the stipes.

In the labium (Fig. 1 1 and 12) the sclerites can be homologized, but some of the muscles

cannot be correlated with those of a generalized insect labium. The postmentum (pom) of Aeshna

interrupta is flat and elongated and the prementum (prm) is spatulate. The labial palps are pincer-

like and two-segmented; the first segment forms the body of the palp and is projected distally

as a blunt “end-hook” (eh), and the second segment is a sharp “movable-hook” (mh).

Two muscles are inserted at the base of each palp. The abductor of the palp (ablp) originates

on the dorsal wall of the prementum and inserts through a small apodeme at the outer corner

of the base of the palp. The adductor of the labial palp (addlp) is a larger muscle which originates

on the ventral wall of the postmentum just proximal to the elbow and inserts at the inner corner

of the palpal base.

There is a single pair of extensor muscles of the prementum (exprm), which originate on the

tentorium and are inserted through long apodemes on lever-like extensions of the prementum

past the hinge.

Quaest. Ent., 1976 12 (1)
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Three pairs of muscles appear to have flexor functions. The primary flexors of the prementum

(l°fl) are large, originating on the T-shaped apodeme of the hypopharynx and inserting on the

ventral wall of the prementum just distal to the elbow, and the secondary (2°fl) and tertiary

(3°fl) flexors are small muscles situated in the elbow and for which no homologues can be

found in a generalized labium. The secondary flexors run directly across the hinge line from

the ventral wall of the postmentum to that of the prementum. The tertiary flexors originate

on the postmentum distal to the secondary flexors and then run upwards to insert on the lateral

walls of the proximal part of the prementum. Snodgrass (1954) believed that this last pair of

muscles functions in maintaining tension on the folds that girdle the palpal adductors but it

appears to me that they must be capable of performing some flexor function.

The hypopharynx (Fig. 13, 14 and 1 5) arises from the ventral wall of the head directly be-

hind the mouth. It is cushion-like and narrowest at its base, and setae over its dorsal and lateral

sides are directed towards the mouth. The hypopharynx is continuous with the postmentum

through a wide membranous area and in this area the salivary duct opens into a pit (sal) whose

sides contain sclerotized bars. These bars are continuations of the lateral walls of the hypopha-

rynx, from which is also given off a large T-shaped apodeme (Tap) which runs into the base of

the labium and is held there by three sets of ligaments. The apodeme in this form is character-

istic of odonate larvae and is evidently associated with labial action. At the base of the T-shaped

apodeme are inserted the retractors of the hypopharynx (rthyp) which, as Richard (1965)

correctly pointed out, do not originate on the tentorium but on a shelf mesad of the labial base.

The primary flexor muscles of the prementum ( l°fl) arise one third of the way down the apo-

deme from the hypopharynx. The dorsal side of the apodeme is grooved and carries the salivary

duct. The hypopharyngeal muscles of the mandible (vmh) arise on the base of the hypopharynx,

and on the dorsal side is the suspensorium (susp), a transverse bar which is extended into two

dorsal bars which pass up around the mouth.

Libellula quadrimaculata

The head capsule (Fig. 16 and 17) differs from that of Aeshna interrupta in several important

respects. It is more hypognathous and not as flattened, and the labial palps are developed to such

an extent that they cover the whole of the lower and front parts of the head when the labium

is at rest. Associated with this is a peculiar development of the eyes that has been described by

Lew (1933); only the dorso-lateral part of the eye is functional, the lower part that is covered

by the labial palps remaining rudimentary and unpigmented until metamorphosis, when it forms

most of the adult eye. The differences between Aeshna and Libellula in respect of the functional

morphology of the larval eyes is considered by Pritchard (1966).

The shape of the face is such that there is a close association with the labial palps. A groove

between the frons (fr) and the clypeus (cl) takes the distal edges of the labial palps, and the

clypeus, labrum (Ir), mandibles (ma), maxillae, and hypopharynx are normally hidden (Fig. 2).

The frons (fr) bulges out above the labial palps and its dorsal border is marked by the attach-

ments of the labral muscles internally. The rudiments of three ocelli can be seen on the vertex

(vx), and the coronal (cs) and post-frontal (pfs) sulci are well defined. The antennae are pro-

bably more important in prey detection than those of Aeshna.

The posterior wall of the head capsule is not as concave as that of Aeshna interrupta, but is

similar in all other respects. The posterior articulation of the mandible (pam) is supported by

ridges associated with the occipital sulcus and the hypostoma. The external pits of the posterior

(tp) and anterior (ta) arms of the tentorium are disposed in the bases of the post-occipital suture

(pos) and just above the anterior articulations of the mandibles respectively. The tentorium (aat,

pat) is pFshaped and similar in all respects to that of Aeshna interrupta.

Apart from the labium, the essential features of the mouthparts of Libellula quadrimaculata



Functional Morphology of Dragonfly Larvae 93

(Figs. 18-24) are similar to those of Aeshna interrupta. The dorsal muscles of the mandible are

very large and the ventral muscles are small; the maxilla has a sharp-toothed lacinia and lacks a

galea; the hypopharyngeal apodeme is well developed as a T-shaped rod.

In the labium (Fig. 23 and 24), the postmentum (pom) is relatively small but the prementum
(prm) is large and widens considerably at its distal end. The palps are approximately triangular

in shape and meet along the length of their inner edges at rest. In this position they form the

front and sides of a cup-like arrangement with the prementum. The movable hooks (mh) are

small and prey is usually caught between the inner edges of the palps. Long palpal and premen-

tal setae form a cage-like roof to the cup-shaped labium when it is extended (Fig. 25) and this

structure undoubtedly aids in the retention of small, elusive prey such as cladocerans, ostracods

and gammarids, which figure more prominently in the diet of libellulids than in aeshnids (Pritchard,

1964).

The muscles of the labium are the same as those in Aeshna, although the palpal adductors

(addlp) and abductors (ablp) are especially large. The tentorial extensors of the prementum
(exprm) insert through thin apodemes on lever-like extensions of the prementum past the hinge

line. The primary flexors ( l°fl) of the prementum originate at the anterior end of the T-shaped

apodeme and insert on the latero-ventral walls of the proximal end of the prementum. The
secondary flexors (2°fl) run from their origins on the ventral wall of the distal postmentum
across the hinge line to insert on a lateral ridge on the prementum. The tertiary flexors (3°fl)

have their origins distad of the secondary flexors on the postmentum, and they insert on the

lateral walls of the prementum as in Aeshna interrupta.

LABIAL EXTENSION

It is clear that the T-shaped apodeme is involved in labial extension, either as support for the

labial base or more actively as a structure on which muscles can pull, or perhaps in both capacities.

Since the labium does not articulate with the head through sclerotized points, the T-shaped apo-

deme does indeed give some rigidity to the base of the labium. On the morphologically dorsal

side of the labial base the postmentum is sclerotized only along a narrow band (Eig. 24), there

being an area of unsclerotized cuticle proximally which allows the postmentum to swing forward

on the head. The hypopharyngeal end of the apodeme is a fairly rigid point, being sclerotized

and probably held in position by contraction of the retractor muscles of the hypopharynx. The

cross-piece of the apodeme is firmly attached to the proximal end of the sclerotized portion of

the ventral side of the postmentum (Fig. 24); proximal to this, the cuticle is not sclerotized. In

this way the labial base is supported and when the postmentum swings forward on the head it

can do so only in a fairly restricted plane. The T-shaped apodeme bends under pressure, thereby

providing the hinge for the postmentum. This can be shown in a dissected specimen by holding

the head and moving the postmentum forwards. Furthermore, under these conditions the apodeme,

and thereby the postmentum, returns to its original conformation when the postmentum is

released.

The primary flexor muscle of the prementum is attached to the T-shaped apodeme. It is inserted

towards the anterior end and never more than one-third of the length of the apodeme from the

hypopharynx (Fig. 1 5, 20, 24, 26). It is clear, therefore, that it cannot move the apodeme in the

the manner suggested by Richard (1965).

Pritchard (1965a) recorded the speed of labial protraction in several Anisoptera, and a summary

of these data is provided in Table 1 together with recordings made by Richard (1970), Caillere

(1972), and some further recordings made by the present author. The faster camera speeds used

in this latest sequence have allowed a more detailed examination of the strike such as is presented

in Figure 27, which shows a typical labial extension in Aeshna canadensis.

Qmest. Ent., 1976 12(1)
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The palps start to open, followed some 40 msec later by gradual forward movement of the

postmentum (Phase 1) over about 30 msec. The postmentum moves slightly ahead of the pre-

mentum as the rate of forward extension increases (Phase II) over a further 20 msec. There

follows very rapid protraction (20 msec) of the whole labium (Phase III), and it is this phase

which is recorded in Table 1. The labium is held extended (Phase IV) for a period of about 40

msec, and then slowly retracts (Phase V) over about 140 msec with the prementum folding

slightly ahead of the postmentum.

This is in marked contrast to the pattern seen in a dead specimen in which the labium is ex-

tended by sudden pressure on the sides of the thorax (Fig. 28). Here the palps do not open, the

postmentum does not precede the prementum in the early stages, and the rate of forward move-

ment actually decreases rather than increases in the final stages.

The ability to produce extension of the labium (although not opening of the labial palps) in

dead larvae by the above method is one point of evidence that supports the hydraulic mechanism

advanced by Snodgrass (1954) and based on an idea by Amans (1881). Further support came

from the observations on the strike by Pritchard (1965a) and Caillere (1972), while Olesen

(1972) actually recorded pressure changes in the thorax during labial extension and correlated

these with electrical activity in muscles on both sides of the abdominal diaphragm in a number

of Anisoptera.

Olesen (1972) showed that pressure in the thorax of Cordulia aenea and Sympetrum sp. rises

gradually over a period of about 200 msec, then increases rapidly over 20-30 msec, is held steady

for about 70 msec, and then slowly falls over about 400 msec. It is not clear exactly when labial

extension occurs, but the similarity between Olesen’s graph of pressure changes and Figure 27

of the present paper strongly suggests that it occurs as a result of the strong contraction of the

thoracic and abdominal muscles that produces the rapid pressure increase.

But extension of the labium is clearly not controlled solely by blood pressure. There are im-

portant differences between extension in living and dead specimens and, as Olesen (1972) has

shown, the pressure waves that are responsible for jet propulsion are produced by the same

muscles that are involved in labial extension. The fact that the labium is not extended during jet

propulsion suggests some sort of locking mechanism. It would appear that this locking mechanism

is to be found, in part at least, in the muscles attached to the T-shaped apodeme.

Consideration of the morphology of the labium, observations on the strike, and the recordings

of pressure changes allows the construction of an hypothetical scheme of events that occur during

labial extension. This scheme is arbitrarily divided into five phases, some of which are further

divided. Reference to Figures 24 and 27 should aid in following the description of these events.

Phase I. a) Abductor muscles of the labial palps contract and open the

palps;

b) Retractor muscles of the hypopharynx and primary flexors

of the prementum contract and hold the hinge of the

labium firm;

c) Lateral muscles of the thorax and abdomen contract, and

pressure builds up in the body cavity forcing the postmentum

to swing forward slightly;

d) Extensor muscles of the prementum probably contract but

their action is counteracted by the combined action of the

flexors.

Phase II. a) Anus closes;

b) Thoracic and abdominal muscles contract rapidly and the

pressure wave is directed forwards into the labium so that
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the postmentiim swings forward more rapidly.

Phase III. a) Flexor muscles of the prementum suddenly relax

allowing the extensor muscles to extend the prementum

and combine with the pressure surging into the labium to

rapidly protract the whole structure. The base of the T-

shaped apodeme bends thereby providing the hinge on

which the postmentum swings;

b) The adductors of the labial palps contract, closing the

palps.

Phase IV. The pressure is maintained, holding the labium in the

extended position.

Phase V. a) The three pairs of flexor muscles of the prementum

fold the prementum on the postmentum.

b) The abdominal and thoracic muscles relax, the pressure

decreases, and the postmentum returns to its resting position

through the elastic properties of the T-shaped apodeme.

Thereafter slight pressure can be maintained at the labial base and can combine with the

flexors and extensors of the prementum and the adductors and abductors of the palps to

manipulate captured prey.

No cuticular catch mechanism is envisaged such as is found in mantid shrimps (Burrows, 1969),

but then the strike in dragonfly larvae is very much slower. Although the action of the premental

flexors in opposing extension of the prementum is likely to be rather weak, it is probably suffi-

cient to explain the differences in movement and timing between normal and induced strikes.

Unfortunately the small size of the dragonfly labium makes the replacement of the normal

forces with known and controllable forces difficult, and the involvement of hydraulic forces

adds further problems to any attempt at simulating the system.

This hypothesis does appear to successfully account for the following observations; Olesen’s

(1972) recordings of pressure changes; Caillere’s (1972) observations on labial extension in

Agrion splendens Harris in which the labium moves slowly forwards well before the actual

strike and then is released rapidly; present observations on the phases of the strike of Aeshna

canadensis summarized in Figure 27; the labium is not protracted during the early phases of

pressure build-up nor during jet propulsion; the extension of the labium is more rapid in living

animals than in dead ones, and in particular the phase of very rapid extension of the prementum

does not occur in dead specimens; the postmentum returns to its resting position without the

benefit of muscle action.

Table 1. The speed of the strike in various species of Odonata.

Species Camera speed

(fps)

No. of film

frames

Time for major forward

thrust of labium (msec)

Author

Aeshna eremita Scudder 64 1-2 15-30 Pritchard (1965)

Cordulia shurtleffi Scudder 64 1 15

Leucorrhinia hudsonica Selys 64 1 15*
”

Anax sp. and/les/ma sp. 64 1-2 20 Richard (1970)

Agrion splendens Harris 64 2 30 Caillere (1972)

Aeshna canadensis Walker 200 3-4 15-20 Present work

Argia vivida Hagen 200 2 10

* includes opening of the labial palps

Quaest. Ent., 1976 12(1)
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THE ACTION OF THE OTHER MOUTHPARTS

Retraction of the labium brings the prey back to the other mouthparts where the mandibles

are in a position to cut it up. The mandibles are powerful and heavily sclerotized and their move-

ment is one of strong adduction and weaker abduction in a single plane. The mandibular articu-

lations with the head capsule are well supported and allow the tips of the mandibles to move

only in a plane at right angles to the longitudinal axis of the body, and as one mandible passes

over the other the food is crushed and sliced.

If the food is soft the laciniae play no part in breaking it up, but they pass the chewed food

back over the hypopharynx to the mouth. The spines and stiff setae on the lacinia are well

designed for taking both large and small pieces of food which drop from the mandibles, and

passing them back to the mouth. The movement of the maxillae is rather complex since there

are vertical as well as horizontal components; basically, however, their movement is one of

protraction and retraction in the horizontal-longitudinal plane, with a transverse-horizontal

component introduced by the actions of the adductors of the cardo and stipes. The tip of the

maxilla thus traces a roughly oval path. The forward movement is largely produced by the

rotator of the maxilla and the adductor of the cardo, but the retraction is stronger and involves

the adductor of the stipes and the cranial flexor of the lacinia. The stipital flexor of the lacinia

adds to the further flexing of the lacinia on the stipes. Elasticity of the cuticle is important in

certain components of the outward movement of the maxilla, particularly in the extensions of

the lacinia and the stipes.

When the prey is easily chewed by the mandibles, these and the maxillae work alternately

at a steady rate; as the mandibles open and release the chewed pieces of food, the laciniae move

inwards and backwards taking the food with them. The rate of chewing depends on many factors

including the size of the prey and its activity, and the manner in which it is being held by the

labial palps. The average rate for eleven Aeshna interrupta lineata larvae, 22 to 29 mm in length,

eating Aedes aegypti larvae at 1
5° C in the laboratory, was 54 cycles per minute.

If the prey is hard the regular activity of the mandibles and maxillae is modified. The action

of the maxillae becomes more complex and their cycles of protraction and retraction do not

necessarily keep in phase with the action of the mandibles. The movements of the mandibles

are irregular, depending on whether they are successful in breaking up the cuticle of the prey,

and the spines of the lacinia are also used from the start to help to tear the food apart. When

working on hard parts, the laciniae pass food back at irregular intervals, but when soft parts

are exposed there is a return to the regular alternating actions of the mandibles and maxillae.

The labrum serves to prevent food from floating away and may also function in directing

it towards the mandibles, for it is raised and moved forward slightly as the mandibles open and

then is drawn back as the mandibles close. The ventral side of the labrum is the site of gustatory

sensilla (Pritchard, 1965b).

Food that is passed back by the maxillae is directed towards the mouth by setae on the dorsal

side of the hypopharynx. The hypopharynx is probably also the site of sensilla.

During feeding the prey is manipulated by the labium, the mandibles and the maxillae. The

labium is held so that the food is in the correct position for the mandibles to work on it. This

usually demands that the postmentum is swung forward and presumably controlled blood

pressure plays a role here. The prey is often taken between the two mandibles while the labial

palps change their grip. Occasionally the prey is lost and floats upwards and then another strike

will often be made, but pieces of food that drop from the mouthparts are not usually recovered.

The spatulate prementum of aeshnids acts as a plate which collects many particles that fall

from the mandibles and maxillae, and these pieces. are retrieved by the maxillae at the end of

the meal. The cup-like labium of the libellulids is even more efficient in collecting these food
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particles, and the arrangement of palpal and premental setae prevents the escape of food upwards.

At the end of the meal the mouthparts are cleaned, particularly the labial palps, which are

opened and closed several times to remove all traces of the last meal. The front legs may also be

used to clean the labium.
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LIST OF ABBREVIATIONS USED IN FIGURES

Ufl primary flexor of prementum mh movable hook of labial palp

2°n secondary flexor of prementum mlra anterior labral muscle

3°fl tertiary flexor of prementum mlrp posterior labral muscle

aat anterior arm of tentorium mo molar ridge of mandible

ablp abductor of labial palp mxp maxillary palp

adcd adductor of cardo 0 occiput

addlp adductor of labial palp oc ocellus

adst adductor of stipes os occipital sulcus

bz budding zone of compound eye pam posterior articulation of

cd cardo mandible

ce compound eye pat posterior arm of tentorium

cl clypeus ped pedicel

cpir compressor of labrum pfs postfrontal sulcus

cs coronal sulcus Pg postgena

dab dorsal abductor of mandible po postocciput

dad dorsal adductor of mandible pom postmentum

dat dorsal arm of tentorium pos postoccipital suture

dpmp depressor of maxillary palp prm prementum

eh end-hook of labial palp rthyp retractor of hypopharynx

exprm extensor of prementum rtmxa rotator of maxilla

flee cranial flexor of lacinia sal salivarium

flcs stipital flexor of lacinia sc scape

for occipital foramen sens location of gustatory sensilla

fr frons stp stipes

gen gena SUSP suspensorium of hypopharynx

in incisor area of mandible ta anterior tentorial pit

hyp hypopharynx Tap apodeme of hypopharynx

lb labium td dorsal tentorial macula

Ic lacinia tp posterior tentorial pit

Ip labial palp vmh ventral hypopharyngeal

Ir labrum muscle of mandible

Ivmp levator of maxillary palp vmt ventral tentorial muscle

ma mandible of mandible

max maxilla vx vertex
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B

Fig. 1. Lateral view of the head of a last instar larva of Aeshna intemipta lineata Walker with the labium A) retracted and

B) extended. Fig. 2. As Fig. 1 but for Sympetrum dame Sulzer.

Quaest. Ent., 1976 12 (1)
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2 mm.

Fig. 3. Anterior view of the head capsule of a last instax larva ofAeshna intermpta lineata. Fig. 4. As Fig. 3 but posterior view.



Functional Morphology of Dragonfly Larvae 101

mirp-

Imm.
^
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Fig. 5. Anterior view of the head ofAeshna interrupta lineata dissected to show the labral muscles. Fig. 6. Ventral view of
the labrum oiAeshna interrupta lineata.
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mtiLryruldirp'Trf
/'""''"'P"' <° *how ,he dorsal mandibular muscles and somemaxlUary muscles. Fig. 8. Anterior view ot the left mandible oiAeshm interrupta lineata.
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adcd

flee

Fig. 9. Lateral view of the head oi Aeshna interrupta lineata dissected to show the maxillary muscles. Fig. 10. Anterior view
of the left maxilla of Aeshna interrupta lineata.
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12

cxprm-

pom-

2®tl-

3"f|.

Fig. 11. Dorsal view of the labium of Aeshna inteirupta lineata dissected to show the muscles. Fig. 12. Lateral view of the

elbow muscles in the labium of Aeshna interrupta lineata.
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13 14

I mm.
^

Fig. 13. Antenor view of the hypopharynx oi Aeshna intemipta lineata. Fig. 14. Ventral view of the hypopharynx oiAeshna
intenupta lineata dissected to show the muscles. Fig. 15. Lateral view of the hypopharynx and associated muscles in the

labial base ofAeshna intemipta lineata.
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Fig. 16.

view.

Antenor view of the head capsule of a last instar larva of Libellula quadrimaculata L. Fig. 17. As Fig. 16 but posterior
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I mm.

Fig. 18. Anterior view of the head of Libellula quadrimaculata dissected to show the labral muscles. Fig. ly. Ventral view of
the hypopharynx of Libellula quadrimaculata with the labial base dissected to show the muscles. Fig. 20. As. Fig. 19 but
lateral view.
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I mm.

adst ffcs

aat
vmh
vmt

Fig. 21. Lateral view of the head of Libellula quadrimaculata dissected to show the dorsal mandibular muscles. Fig. 22. As

Fig. 21. but showing the maxillary muscles and ventral mandibular muscjes.
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Fig. 23. Dorsal view of the labium of Libelliila quadrirnaciilata dissected to show the muscles.
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Fig. 25. Dorsal view of the head of Leucorrhinia intacta with labium partly extended to show the cage-hke roof formed by

palpal setae.
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27

1 II III IV V

Time (msec) after palps start to open

Fig. 27. Forward movement of the distal postmentum (open circles) and distal prementum (closed circles) during a typical strike by
an Aeshna canadensis larva. The phases of the strike referred to in the text are indicated by Roman numerals.
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Fig. 28. Protraction of the labium in larvae ofAeshna canadensis. A) normal strike; B)
on the thorax of a recently killed larva. The interval between stages is 10 msec.

extension produced by sudden pressure
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BOOK REVIEW

HOWE, W. H. (editor) 1975. The Butterflies of North America. Doubleday and Company, Inc;

Garden City, New York. Hard covers, xiii + 633 pages, 97 color plates and 33 black-and-white

text figures. One page addendum. Glossary, Bibliography (126 references), index to food plants,

index to scientific and common names of butterflies combined with general subject index. Size:

19 X 26.5 cm; Price; U. S. $39.95.

“The Butterflies of North America” was conceived as a guide and as a replacement for Holland’s

classic (1900, 1931 updated) “Butterfly Book”, (Doubleday, Page and Company, Garden City

New York), which is now out-of-prinf. William H. Howe, illustrator and coordinating editor,

and twenty other contributors have produced an impressive, magnificently illustrated book. A
more accurate title would be “The Butterflies of North America and Hawaii”, since the Hawaiian

fauna is also covered.

The text is printed on high quality paper and is generally free of typographical errors. The

black-and-white line drawings are well labelled, and of good quality, except for Figure 10 which,

at least in my copy, is not well reproduced. Some structures would be better illustrated with

photographs. As pointed out elsewhere by R. Leuschner (1975, News of the Lepidopterists

Society, 6: 1-2), the nine specimens depicted on the front cover are representatives of mainly

Middle American species. A selection of nine North American representatives would have been

more appropriate. A statement on the back flap of the book, that the “result is the defini-

tive guide to the butterflies of North America ...” is an unjustified exaggeration, because there

are no definitive guides.

The book is organized into the following sections (number of pages for each given in brackets):

preface (13); Introduction (72); Systematic part (507 + 97 color plates); Glossary (2); Biblio-

graphy (7); A list of major North American Lepidoptera collections (1); Index to food plants

(10); Index to butterflies and other features (30).

The introductory section encompasses a wide range of topics, including: synopsis of structural

characteristics of adults, life stages, natural history, life cycle and span, and food habits. Dis-

tribution and zoogeography are briefly considered, as well as principles of classification. The

section on zoological nomenclature is rather brief. Though the International Code of Zoological

Nomenclature is mentioned, the International Commission on Zoological Nomenclature is not,

nor are its publications. The 2.5 pages devoted to this topic are inadequate considering the

significance that zoological nomenclature has in zoology. The rest of this section includes a
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wide variety of practical suggestions to potential collectors and students of butterflies, including

tips on how to catch butterflies, where to collect them, how to make a collection, the importance

of proper labelling of specimens, how to dispose of a collection, a list of sources of equipment

and supplies, and information about lepidopterists’ societies and journals.

In the systematic part, the only new taxon described is a subspecies. However, the ranks of

several taxa have been changed. New families are erected, specific rank is accorded taxa originally

described as subspecies, and vice versa, but no supporting evidence or discussion is provided for

most of these changes. The year when, and a reference to original descriptions of included taxa

are not provided. Type-species, type specimens, and type localities are not listed for any of the

taxa treated, even though “types” are discussed in the introduction.

The bibliography section is said to be (in the introduction) “a highly selective list of the most

important reference works”. Further, it is stated, that “it was impracticable to include the

hundreds of small articles on which most of our knowledge is really based”. It is unfortunate

that references to these articles were not provided. Their inclusion would have enhanced the

value of this book immensely. Their exclusion is an indication that this volume is not “definitive”.

The 97 color plates are superbly reproduced, and portray 2093 specimens, representing 695

taxa that are accorded specific rank. A valuable addition to each figure would have been short

lines or arrows, pointing to the features used in identifying the species.

A general fault of this book is the difficulty of finding all of the information needed to

identify a butterfly. There are no keys. The only way a specimen can be identified is by compar-

ison with the colored illustrations. However, the sequence of taxa illustrated is chaotic. For

example, figures representing the species of Colias occur on Plates 73, 74, 75, 78, and 97. If

one finds a picture resembling the specimen to be identified, the legend opposite each plate

provides the scientific name, but reference to material in the text can be found only by con-

sulting the index. In association with the figure legends, page numbers could have been pro-

vided for the material in the text, and furthermore, for each species, references should have

been provided to plates on which are found illustrations of similar species. A section on how
to use the book would have been useful and appropriate since it is supposed to be a guide.

“The Butterflies of North America”, in spite of the serious criticisms raised above, is unfor-

tunately, an indispensable reference for any lepidopterist interested in North American butter-

flies. I hope that succeeding editions not only provide supporting evidence and discussion for

the classificatory changes proposed in this one, and that already established facts are documented

by inclusion of a complete reference list in the “Literature cited”, but also keys and cross-

referencing to make easier the task of identification.

Joseph Belicek

Department of Entomology

University of Alberta

Edmonton, Alberta T6G 2E3

BOOK NOTICE

WIGGLESWORTH, V. B. 1974. Insect Physiology. Chapman and Hall, London. Seventh edition.

Science Paperbacks, ix + 166 p., illustrated.

The newest edition of this book, first published in 1934, is not very different from the sixth edition (1966) in content.

Most additions are single sentences inserted in appropriate places, but there is one new chapter, four pages long, on the

endocrine system. A few new illustrations are added and most chapters have one or two new references. The most obvious

change is in the layout of the text; most paragraphs now have their own subtitle in bold type making it very easy to locate

a specific topic. The binding leaves much to be desired; my copy fell apart on first reading.

B. K. Mitchell

Department of Entomology

University of Alberta
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Frontispiece and Fig. 1. Rhinochenus transversalis, habitus.



CLASSIFICATION AND EVOLUTION 0¥ RHINOCHENUS LUCAS
(COLEOPTERA: CURCUEIONIDAE: CRYPTORHYNCHINAE),
AND QUATERNARY MIDDLE AMERICAN ZOOGEOGRAPHY

Donald R. Whitehead*

Department of Ecology and Evolutionary Biology

Division of Biology

University ofMichigan

Ann Arbor, Michigan 48104

Quaestiones Entomologicae

12: 118-201 1976

The genus Rhinochenus is a compact, well defined group ofsome 18 species of Neotropical

Cryptorhynchini, most of them seed predators of the caesalpiniaceous tree Hymenaea courbaril.

The species are keyed, described, illustrated, and arrayed in five species groups. The following

new species are described: R. fiedleri ( type-locality “BRAZIL ”): R. klagesi ( type-locality BRAZIL.

Para: Santarem): R. nvaculipes ( type-locality BRAZIL. Mato Grosso: Chapada dos Guimardes);

R. amapensis ( type-locality BRAZIL. Amapa: Serra do Navio): R. chevrolati ( type-locality

BRAZIL. Mato Grosso: Chapada dos Guimaraes): R. mangahCuQmisl type-locality BRAZIL.

Para: Mangabeira, Mocajuba district): R. chorrensis ( type-locality EL SAL VADOR. La Libertad:

Los Chorres): R. ]anztm ( type-locality COSTA RICA. Puntarenas: Rincon, Osa Peninsula); R.

Wwomhithovaxl type-locality PERU. Huanuco: Cachicoto); R. ca\\CQv\As( type-locality COLOM-
BIA. Valle del Cauca); R. pseudostigma ( type-locality BRAZIL. Para: Fazenda Taperinha, San-

tarem). The following new synonymies are proposed, junior names parenthetic: R. stigma

Linnaeus TR. sticticus Lucas, R. trilineatus Chevrolat, R. rougieri Chevrolat); R. transversalis

Chevrolat f R. bahiensis Chevrolat, R. innotatus Chevrolat): R. x-rubra Chevrolat (R. subcriicia-

tus Chevrolat, R. lucasi Chevrolat).

The evolutionary history of this genus is difficult to interpret, because of complex variation,

feeble morphological differentiation, and apparent mimetic convergences. Recurring Pleistocene

refugia appear to offer a plausible explanation for phylogenetic and zoogeographic relationships.

All diversification within species groups probably is related to these phenomena, and probably

is continuing today as suggested by sympatric occurrences of reproductively isolated or semi-

isolated forms ofR. stigma, for example. Host plant associations seem also to point to a rapid

phylogenetic diversification, since only R. brevicollis Chevrolat, a member of the complex stig-

ma group, is known to attack a host genus other than Hymenaea.

Briefly, the refugial hypothesis is one of alternating contraction and expansion offorested

areas brought about by alternating dry and wet periods, accompanied by fragmentation of

ranges, local isolation and differentiation, and subsequent expansion of ranges and reinforce-

ment of differentiation. This hypothesis has recently been advanced by various authors to ac-

count for the unexpectedly complex lowland flora and fauna of the Amazon Basin. By incor-

porating observations on various other insect groups, I here extend the hypothesis as a signifi-

cant factor in evolution of the lowland fauna ofMiddle America, and use it in an attempt to

develop an initial synthesis ofPleistocene Middle American zoogeography.

El genero Rhinochenus se forma un grupo cerrado de como 18 especies de Cryptorhynchini en Centro y Sur A merica,

principalmente comedores de friitas de la Hymenaea courbaril (Caesalpiniaceae). Yo reconozco cinco grupos de especies.

Se han ofrecido claves, descripciones, y ilustraciones. Yo describo como nuevos los siguientes: R. fiedleri (localidad tipica

“BRAZIL”); R. klagesi (localidad tipica BRAZIL. Pard: Santarem); R. maculipes (localidad tipica BRAZIL. Mato Grosso;

Chapada dos GuimarSes): R. amapensis (localidad tipica BRAZIL. Amapd; Serra do Navio); R. chevrolati (localidad tfpica

BRAZIL. Mato Grosso; Chapada dos Guimaraes); R. mangabeirensis (localidad tfpica BRAZIL. Pard; Mangabeira, distrito

de Mocajuba ); R. chorrensis (localidad tipica EL SAL VADOR. La Libertad; Los Chorres); R. janzeni (localidad tipica COSTA
RICA. Puntarenas; Rincon, Peninsula de Osa); R. thrombithorax (localidad tipica PERU. Huhnuco; Cachicoto); R. caucensis

(localidad tfpica COLOMBIA. Valle del Cauca); R. pseudostigma (localidad tipica BRAZIL Pard; Fazenda Taperinha, Santardm).

*Mail address: c/o Department of Entomology, Smithsonian Institution, Washington, D. C.

20560.
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Son sinonimias nuevas, los nombres mas jbvenes entre parintesis: R. siigmdL Linnaeus ( R. sticticus Luces, R, trilineatus

Chevrolat, R. rougieri Chevrolat); R. transversalis Chevmlat /'R. bahiensis Chevrolat, R. innotatus Chevwlat); R. x-rubra

Chevrolat /'R. subcruciatus Chevrolat, R. lucasi Chevrolat).

La historia del desarollo de este g^nero estd complicada a causa de variacidn compleja, diferenciacidn pequena, y conver-

gencias mfmicas. Los ciclos de los refugios en el Pleistoceno se forman una explanacidn para las afinidadas fildticas y geogrd-

ficas. Toda de la diversificacidn en los limites de cada uno de los grupos de especies probablemente estd aliado con estas

fendminas, y probablemente esta diversificacidn en nuestros dias se continua en los casos simpdtricos de formas de R. stigma

que son isolados o semi-isolados reproductivomente. Tambihi, una diversificacidn fildtica muy rdpida estd indicado por las

asociacionas con las plantas hospederas, porque solamente R. brevicollis Chevrolat, un miembro del grupo complefo del R.

stigma, estd conocido de un hospedero gendrico otro que Hymenaea.

Brevemente, la hipdtesis de refugios es uno de ciclos alternativos de expansibn y contraccidn de la selva causados por

perfodos alternativos de humedad y sequedad; as(, las distribucionas geogrdficas son dividasy las poblacionas separadas y
diferenciadas, entonces las distribucionas son unidas y las diferencias reforzadas. Esta hipdtesis, aducido recentamente por

autores varios, explica la flora y fauna compleja de las tierras bajas del Amazon. Con comentos sobre otros grupos de insectos,

aqul yo extendo la hipdthesis como un factor significante en el desarollo de la fauna de tierras bajas en Centro America, y lo

uso para descubrir una sintesis de la zoogeograffa de Centro Amirica en el Pleistoceno.
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INTRODUCTION

In a previous paper (Whitehead 1975) I discussed those members of two cryptorhynch

weevil genera, Conotrachelus Schonherr stnd Microscapus Costa Lima, that are associated with

fruits of the caesalpiniaceous tree Hymenaea courbaril L. However, the principal seed preda-

tors of this host plant belong to the genus Rhinochenus Lucas, treated herein. I recognize 1 8

species, all but one of which are known or suspected to attack fruits of H. courbaril or other

Hymenaea species; the exception is R. brevicollis Chevrolat, which attacks fruits of various

species of Copaifera L., a related host genus. Not much is known about the natural histories

of most of the species, but those of southern Central America are being intensively studied

by D. H. Janzen (cf. 1975). Previous major systematic treatments of Rhinochenus were by

Chevrolat (1871), who described many forms as new species, and Fiedler (1951), who placed

in synonymy some of Chevrolat’s names. Despite these contributions it has not been possible

to identify specimens satisfactorily, because the species were not adequately delimited, too

many synonyms remained undeclared, and many species remained undescribed.

These weevils form a compact group both ecologically and morphologically, and the diag-

noses given by Lucas (1857) and Chevrolat (1871) delimit the genus clearly. Adults are readily

distinguished by size and habitus (Fig. 1-39) from most other weevils, and by the following

combination from the comparatively few other forms that are superficially similar: Cryptor-

hynchini, rostrum short, flat, recessed in prosternum and part of mesosternum; body large,

7-18 mm; antenna inserted near apical 0.33 to 0.25 of rostrum, not conspicuously sexually

dimorphic, funicle with 7 segments; interocular distance greater than minimum width of

rostrum, eyes covered in repose by pronotal lobes; pronotum punctate, punctures not conti-
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guous, disc with or without slight median elevation but otherwise without gross sculpture;

scutellum conspicuous, oval or rounded, squamose; elytron with subapical swellings but other-

wise without gross sculpture, without tubercles, intervals flat or convex, striae indicated by

rows of punctures; legs with each femur unidentate, each tibia with apical comb of 2 rows of

stout bristles, tarsal claws free, simple; and vestiture squamose, dorsum without erect scales

or setae, at least posterior 0.33 of elytron densely squamose, scales tan to orange.

The development of taxonomic knowledge of Rhinochenus began with Linnaeus ( 1758,

R. stigma), Fabricius ( 1 798, R. piger), Illiger ( 1 806, R. nota), and Boheman ( 1 844, R. reichei),

each of whom named one form placed in various generic combinations. Schonherr (1837)

discussed variations of R. stigma, placing i?. piger and R. nota in synonymy. Lucas (1857)

defined Rhinochenus based on hisR. stictieus. Chevrolat (1871) presented the first comprehen-

sive review, assigned all previously described species, removed R. piger from synonymy, and

described 14 new species; later (1880) he described 2 more new species, for a total of 20

recognized species. Champion (1905) regarded all Central American forms as variations of

R. stigma. More recently, Fiedler (1951) reduced the number of recognized species to 13,

placing in synonymy 7 names recognized as valid by Chevrolat.

I have examined type-material of 13 of the 21 previously named forms. C. W. O’Brien exam-

ined for me the type-material of 5 additional forms plus a paratype of R. subcnieiatus, and

I follow his interpretations herein. D. H. Janzen provided notes on the type of R. stigma. The

types of R. nota and R. subcnieiatus have not been located; I accept Fiedler’s interpretation

of R. nota, synonym of R. stigma, and O’Brien’s interpretation of R. subcnieiatus, synonym

of R. x-nibra. Among the 18 species recognized herein are 1 1 that I describe as new; I recog-

nize only 7 of the 21 previously available names as valid.

Phylogenetic relationships among species in the transversalis and stigma groups are not clear.

Some of the widespread species are greatly varied geographically, and relationships of various

populations treated as R. stigma, in particular, need additional study. Fiowever, relationships

are clear enough to allow some preliminary zoogeographic and ecological comparisons.

Morphological differentiation at species level is slight, suggesting that the species are either

recently evolved or under very similar ecological pressures. Differentiation within species groups

probably was greatly augmented by repeated restrictions of habitat during dry phases of the

Pleistocene. In this paper I have attempted to relate distributions of the species, and of geo-

graphic forms of some of the widely ranging, varied species, to circum-Amazonian Pleistocene

forest refugia as summarized by Vuilleumier ( 1 971 ); cf. Fig. 1 50. The Rhinochenus fauna of

South America is much too poorly known to contribute new insights into this matter, the

fauna of western and northwestern South America particularly so. However, I have reinter-

preted certain Central American distributional patterns to at least in part reflect similar

Pleistocene events.

All Rhinoehenus except R. brevieollis, which apparently prefers various species of Copaifera,

are known or suspected to attack fruits of Hymenaea. According to Janzen (1975) eggs are

deposited on the Hymenaea fruits only during a brief period well after the fruits have reached

full size, when they no longer ooze defensive resins if punctured but are still soft enough for

larval penetration. Natural histories have been worked out by D. H. Janzen (pers. comm.) for

Central American forms of R. janzeni new species, R. stigma, and R. transversalis Chevrolat.

The most specialized species is R. stigma, adapted to forest conditions and dependent on such

external agents as rodents, peccaries, or deer to free the adults from the seed pod; neither

larva nor adult can drill its own exit hole. The other two species are able to drill their own
exit holes but otherwise are quite different in behavior. It is probable that in those areas of

South America where 5 or more species may attack a single fruit crop, each species has distinc-

tive behavioral properties.

Quaest. Ent., 1976, 12(2)
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Certain color patterns, of integument and vestiture, recur throughout the genus and also

in some other cryptorhynch genera. D. H. Janzen (pers. comm.) suggests that these are cryptic,

with the deep reddish brown integumental coloration resembling that of the Hymenaea seeds

and the yellow to beige to mottled vestiture coloration resembling that of the pulp surrounding

the seeds. The pulp of fruits attacked by R. stigma in Central America is characteristically dis-

colored and mottled, and Central American specimens of R. stigma are colored to match. The

only other species that departs from the normal pattern of dense, pale vestiture broken by

bold red or dark orange areas is/^. maculipes which may, therefore, be another species causing

pulp discoloration.

I suspect that the pattern of cryptic coloration is complicated by some form of mimicry.

Certain color patterns are represented by two or more phyletically distant species in certain

areas but are not represented elsewhere. Alternatively, populations of two or more unrelated,

geographically varied species may nearly precisely resemble one another in some localities, to

an extent that cryptic coloration alone seems an inadequate explanation for resemblance.

Whether or not this is true mimicry is unknown, as the weevils are palatable to a wide spectrum

of bird and mammal predators (Janzen, pers. comm.) and thus can only be mimics, yet no

models are known. However, 1 assume mimicry exists and discuss such presumed mimetic con-

vergences at length.

MATERIALS AND METHODS

Materials. - This study is based on examination of over 2200 pinned and labelled adult

specimens, plus several hundred unpinned specimens of R. stigma from Costa Rica. Large

series from Costa Rica and Cayenne were contributed by D. H. Janzen, for whose ecological

studies this project was undertaken. The following acronyms represent collections and respon-

sible curators from whom materials were borrowed; not all of these are cited in the text be-

cause depositories are not given for the abundant and widespread R. stigma and R. transversalis.

AMNH American Museum of Natural History, New York, N. Y.; P. Vaurie.

BMNH British Museum (Natural History), London, England; R. T. Thompson.

CAS California Academy of Sciences, San Lrancisco, CA.; D. H. Kavanaugh.

CMPP Carnegie Museum, Pittsburgh, PA.; G. Wallace.

CWOB C. W. O’Brien, Llorida A & M University, Tallahassee, LL.; C. W. O’Brien.

LMNH Lield Museum, Chicago, IL.; H. S. Dybas.

H&AH H. & A. Howden, Carleton University, Ottawa, Ontario; A. T. Howden.

IRSB Institut Royal des Sciences Naturelles, Brussels, Belgium; R. Damoiseau.

MCZ Museum of Comparative Zoology, Cambridge, MA.; J. C. Scott.

MNHB Museum fur Naturkunde der Humboldt-Universitat, Berlin, DDR; L. Hieke

MNHP Museum National d’Histoire Naturelle, Paris, Prance; H. Perrin.

MZSP Museu de Zoologia da Universidade de Sao Paulo, Brazil; H. Reichardt.

NMSP Natur-Museum Senckenberg, Prankfurt am Main, Germany; R. zur Strassen.

RMSS Naturhistorisk Riksmuseet, Stockholm, Sweden; T. Nyholm.

UCV Universidad Central de Venezuela, Maracay, Venezuela; P. Pernandez Yepez.

UPCB Universidade Pederal do Parana, Curitiba, Brazil; J. S. Moure & G. H.

Rosado Neto.

USNM United States National Museum of Natural History, Washington, D. C.;

R. E. Warner.

UZMC Universitetets Zoologiske Museum, Copenhagen, Denmark; N. Myiller Andersen.
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Criteria for species recognition. — I use standard criteria as described previously (Whitehead

1972). Because of the limited and geographically dispersed nature of materials examined, no

statistical analysis was attempted for purposes of gene flow determination. In simple terms,

I sorted specimens to distinguishable forms and then attempted to link up different geographic

forms through intermediates. Thus, if allopatric forms were linked by intermediates they were

considered conspecific; and if not so linked and if distinguished to a degree similar to differences

between sympatric forms they were considered as distinct.

Morphological differences between species are slight, and the characteristics variable. Dif-

ferences even in luale and female genitalia at species level are subject to being nullified by

variation and are not necessarily of crucial importance. In the male phallus and female eighth

sternite of one species, R. stigma, I found both inter- and intrapopulational differences of a

magnitude that might ordinarily be expected of distinct species, yet these differences do not

correspond to other morphological variables.

Ranking. — In this study I use neither subgeneric nor subspecific ranks, as neither are neces-

sary or desirable. Instead, for supraspecific ranking I use the informal “species group”, and

rather than attempt to define discrete infraspecific units I discuss infraspecific variation as

such. I believe the species, species groups, and genus as treated herein are real evolutionary

units, but the species groups are units of convenience rather than phylogenetic equivalents.

Measurements and definitions. — In general, I follow standard terminology as used in

weevil studies (see also Whitehead 1975), but 4 morphological features (see Fig. 9-10) require

definition here. The metasternal sulcus is a median, longitudinal impression extended as an

elongate triangle from the base of the metasternum to or nearly to the apex; this sulcus is

polished and impunctate, but in members of the transversalis group has dense, erect scales or

setae in its apical 0.25 to 0.75; it is not part of the rostral canal of the prosternum and meso-

sternum. The lateral processes of the mesosternum surround the anterior edges of the middle

coxal cavities. As used in this paper, the term “sternum 1”, for example, refers to the first

visible sternum. The female eighth sternite, or spiculum ventrale, is the sclerotized portion of

morphological sternum 8; of taxonomic interest is the form of the pigmented area only, as

the outer margins are membranous.

I use a set of relatively well defined measurements of a selected individual or individuals

representative of each species, incorporated as a separate part of the species description, to

indicate not only size but also to define proportions. Some of the measurements are admittedly

imprecise, notably the antennal insertion because of variation in form of antennal scrobe or

sulcus, and the various parts of the antenna because of variations in position. Thus, only a

cursory attempt was made to determine variation; rather, these measurements form the basis

for describing proportions characteristic of species groups, notably the relative position of

the antennal insertion and the relative shape of the pronotum. I mean quite specific things

when I refer to the length of the rostrum or the position of the antennal insertion; these are

reference statements rather than true statements of length or position, however. I measure

the rostrum laterally, from (a) base of mandible to (b) distal margin of antennal scrobe to

(c) anterior margin of eye; the length of the rostrum is (a to b) + (b to c), and the antennal

insertion is herein defined as (b). The measurements used are the following.

LE length of longer elytron.

LP length of pronotum along midline.

WPmax maximum width of pronotum.

WPbase width of pronotum at base.

WE maximum width across elytra.

ER length of rostrum base of mandible to base of antennal sulcus + base

of antennal sulcus to anteroventral margin of eye.

Quaest. Ent., 1976, 12(2)
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Fig. 2-5. Rhinochenus spp., head: 2, R. transversalis; 3, R. chorrensis; 4, R. stigma-, 5, R. janzeni.
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WRmin
WRinax

WFmin
WFmax
FA

minimum width of rostrum, near middle,

maximum width of rostrum, near apex,

width of frons between eyes,

width of frons across eyes.

length of antenna = length of scape measured from base of antennal

sulcus + length of funicle + length of club.

Techniques. ~ Measurements and illustrations were made with a Spencer AO dissecting

microscope, measurements with an ocular micrometer and drawings with an ocular grid. Geni-

tal dissections were made by relaxing the specimens in hot alcohol, extracting the genitalia

through the anal aperture, clearing in hot KOH, and storing in glycerine. The female eighth

sternite and spermatheca and the male phallus in ventral view were drawn from glycerine prep-

arations; the phallus apex was drawn from specimens mounted on points and oriented to ob-

tain the desired caudodorsal aspect. The genitalia were drawn by me, other morphological

features by C. Cox, and charts and maps by I. Feller.

Descriptive format. — Under each species I give, as appropriate, literature and synonymic

data, data on type-material, taxonomic notes, diagnostic combination, description including

measurements of selected specimen(s), variation, material examined, etymological note, natural

history, phylogenetic relationships, and geographic relationships. In the paragraphs on phylo-

genetic and geographic relationships I attempt to place the taxon in a relational frame of reference

by using Hennig’s (1966) methods, to discuss geographic relationships of related taxa, and to

correlate distributions with postulated Pleistocene forest refugia as summarized by Vuilleumier

(1971) and Vanzolini ( 1 973).

Rhinochemis LucdiS 1857; 1 7 1 ;
Chevrolat 1871: 85; Champion 1905: 537; Fiedler 1951; 1102.

Type-species: Rhinochemis sticticiis Fucas, by monotypy; synonym of Curculio stigma Finnaeus.

Diagnostic combination. — See introduction.

Description. - Cryptorhynchini; length of pronotum + elytron 7-18 mm. Integument rufous to rufopiceous above, darker

beneath. Vestiture squamose; erect setae absent dorsally, variously distributed along midline and apex of abdomen, only. Head

(Fig. 2-5) with rostrum broad, recessed in repose into deep rostral canal extended to middle of mesosternum, apex of canal

arcuate; mandible acutely toothed on inner margin; surface of rostrum punctate above, with vague or fine median carina in

basal 0.50, otherwise without dorsal macrosculpture; antennal insertion near apical 0.33 to 0.25 of rostrum, not or shghtly

sexually dimorphic; antennal scrobe slightly descendent toward base; antennal funicle 7-segmented; frons with deep, circular

fovea, head otherwise without conspicuous macrosculpture; eyes widely separated, interocular distance greater than minimum

width of rostrum, eyes in repose hidden by pronotal lobes. Pronotum (Fig. 11-39) not produced forward to entirely conceal

head, conical or subconical, variously widest at base or near middle, distinctly transverse to about as long as wide; surface

punctate, punctures not confused, separated by at least 0.50 diameters of each; disc with or without slight median swelling,

surface otherwise without distinct macrosculpture. Scutellum conspicuous, ovate to circular, densely squamose. Elytron

(Fig. 11-39) with subapical swelling and punctate striae but without costae, tubercles, or other macro-sculpture; intervals

flat to moderately convex, sutural interval not raised; stria 10 extended beyond middle 0.33, interval 10 In middle 0.33 narrow

but evident; humeral region squared. Hind wings fully developed. Legs with each femur unidentate beneath; each tibia with

outer margin not serrate, each with apical comb of 2 rows of stout bristles; tarsal claws simple, free, equal. Venter of thorax

with middle coxae separated by distance greater than maximum width of rostrum; metasternum long, distance between middle

and hind coxae longer than antennal club, with polished, elongate median sulcus (Fig. 9-10); metepisternal suture distinct.

Abdomen (Fig. 6-10) along midhne with sternal ratio approximately 5:3:2:2:3, sternal sutures not angulate posterolaterally,

suture between sterna 1 and 2 produced shghtly forward at middle but other sutures transverse; sternum 1 slightly sexually,

dimorphic in some species, more convex in female; sternum 5 slightly to strongly sexually dimorphic, generally convex in

female and biconvex in male. Male genitaha with phallus (Fig. 40-79) not greatly varied, apex truncate to narrowly rounded,

shghtly to conspicuously lipped but not hooked; endophallus with or without conspicuous field of spicules or spines, without

other sclerites. Female genitaha with eighth sternite and spermatheca (Fig. 80-136) various.

Natural history. — Of the 1 8 included species, 1 7 are known or inferred to attack fruits of

Hynienaea spp., especially H. coiirbaril F.; this is a large caesalpiniaceous tree characteristic of

GENUS Rhinochemis FUCAS

Quaest. Ent., 1976, 12(2)
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Fig. 6-8. Rhinochenus spp., abdomen: 6,R. transversalis, female; 1,R. chonensls, male; 8, R. janzeni, female. Fig. 9-10.

Rhinochenus spp., venter: 9, R. stigma, female; 10, R. transversalis, male.
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dry tropical American semideciduous forests. The exceptional species, R. brevicollis,

is a South American species which is recorded from Copaifem spp., another caesalpiniaceous

legume. Throughout the known range of Rhinochenus, the host Hymenaea trees are adapted

as a response to weevil seed predation to produce large fruit crops only once in every 3-4 years

but fruiting apparently is annual elsewhere (e.g., Greater Antilles) and the fruit crops smaller

(Janzen pers. comm.). Hence there is reason to suppose that the apparent absence of Rhino-

chenus from the Grijalva Basin of Chiapas and northward is not an artifact of inadequate

sampling, but real.

The natural histories of Central American Rhinochenus are under study by Janzen; his studies

have produced some useful comparative data, summarized herein for R. janzeni, R. stigma, and

R. transversalis. Currently, however, insufficient data are available for extensive systematic

comparisons in characteristics other than structure and distribution. Flight dynamics and vagil-

ity; population dynamics; immature stages; ecological comparisons - all of these areas are in

infant stages of knowledge and can only be touched briefly in this paper.

Distribution. — Representatives of this genus are known to occur from the Pacific slopes of

southern Mexico (Chiapas) to “Paraguay” and southern Brazil (Santa Catarina). Most of the

species seem to have relatively restricted ranges, but R. stigma occupies nearly the entire range

of the genus. Distributions of most of the South American species are readily correlated at

least approximately with Pleistocene forest refugia which have been postulated to have ringed

the Amazon Basin (see Vuilleumier 1971 and Vanzolini 1973, and Fig. 150). Similarly, geographic

forms of some of the more widespread species correspond readily to these refugia, but some

species have been too rarely collected for comparative analysis of geographic variation. Most of

the range has been inadequately sampled, but the species probably are reasonably well represented

from all areas except the western and northwestern parts of South America.

Key to Species

Many of the species of Rhinochenus are morphologically similar and/or geographically varied,

and consequently difficult to distinguish. This key should therefore be used in conjunction with

descriptions and distributions. Couplet 12, especially, is difficult to use without comparative

material. Body size is normally nearly uniform, but in a few species there is conspicuous geo-

graphic variation, and in all species occasional dwarf individuals occur; hence size is used sparingly

and must be interpreted with caution.

1 Metasternal sulcus with erect scales or setae in apical 0.5 to 0.75 (Fig. 10) 2

1' Metasternal sulcus without erect scales or setae (Fig. 9) 5

2 (1) Elytra and femora variegated with dark gray scales, lateral macula indistinct or

feebly defined; (habitus. Fig. 18); Brazil (Mato Grosso, Para)

3. R. maculipes n. sp., p. 131

2' Elytra and femora not variegated, lateral macula sharply defined or reduced to small

spots or absent 3

3 (2') Rostrum punctate-squamose immediately in front of frontal fovea, midline punctate

distad to basal 0.75; abdominal sterna 3-4, with punctations scattered, not in narrow

transverse bands; Brazil R. fiedleri n. sp., (habitus. Fig. 1 1); p. 130

3' Rostrum (Fig. 2) impunctate immediately in front of frontal fovea, or nearly so;

abdominal sterna 3-4 each with transverse band of punctures 4

4 (3') Pronotum conical, widest at base; larger, FP + FE normally over 1 1.5 mm; elytral

macula if present irregular in outline, macula reduced or obsolete in specimens from

northeastern South America; (habitus. Fig. 1); Honduras to Cayenne and “Brazil”

A.R. transversalis Ch^yroldLi, p. 132

4' Pronotum subconical, widest near middle; smaller, FP + FE under 11.5 mm; elytral

Quaest. Ent., 1976, 12(2)
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macula large, transversely oval, regular in outline; (habitus. Fig. 12); Brazil (Para)

2. R. klagesi n. sp., p. 130

5 (T) Pronotum conical and transverse, widest at base and LP/WP = 0.88-0.92; antennal

insertion at or behind distal 0.33 of rostrum; LP + LE normally over 1 5 mm; South

America 6

5' Pronotum subconical and/or about as long as wide, in most specimens widest near

middle and in most species LP/WP = 0.98-1.02; antennal insertion at or in front of

distal 0.33 of rostrum; LP + LE normally under 16 mm and in most species under

1 5 mm; Central and South America 9

6 (5) Elytra (Fig. 1 5) with complete transverse band of dense vestiture in basal 0.33;

northern South America 7

6' Elytra (Fig. 14, 16) with at most a small sutural shield of dense vestiture in basal

0.33; southern Brazil 8

7 (6) Elytra with basal glabrous band complete; (habitus, Eig. 1 5), Cayenne and Brazil

(Amapa) 5. R. amapensis n. sp., p. 137

7' Elytra with basal glabrous band interrupted laterally, intervals 6, 9, and 10 with

dense basal vestiture; Colombia 6. R. Hercules Chevrolat, p. 138

8 (6') Head glabrous except across frontal fovea and around eye margin, femora with large

glabrous areas; (habitus. Fig. 16); Brazil (Bahia, Mato Grosso, Minas Gerais) ....

1. R. reichei (Boheman), p. 139

8' Head densely squamose behind frontal fovea, legs uniformly squamose; (habitus.

Fig. 14); Brazil (Mato Grosso) R. chevrolati n. sp., p. 141

9 (5') Pronotum transverse, LP/WP = 0.84-0.92 10

9' Pronotum about as long as wide, LP/WP = 0.98-1 .02 11

10 (9) Pronotum not strongly gibbous; sterna 3-4 with vestiture subrecumbent; (habitus.

Fig. 25); Costa Rica and Panama \2. R. janzeni n. sp., p. 148

10' Pronotum strongly gibbous; sterna 3-4 with vestiture erect; (habitus. Fig. 22); Peru

13. thrombithorax n. sp., p. 149

1 1 (9') Elytral vestiture (Fig. 21) uniformly dense, tan, broken by lateral macula extended

to suture, forward to base, and completely encircling basal area of dense vestiture;

(habitus. Fig. 21); northeastern South America

10. x-nibra Chevrolat, p. 146

1
1' Elytral vestiture not in pattern described above, either lateral macula not extended

forward along suture or pattern not sharply defined 12

12(11') Strial punctures relatively fine, punctures at anterior 0.33 of striae 5 and 6 with

diameters equal to or less than width of interval 5 13

1
2' Strial punctures relatively coarse, punctures at anterior 0.33 of striae 5 and 6

with diameters greater than width of interval 5 17

13 (12) Distal comb of tibia orange; (habitus, Fig. 26); El Salvador

11./^. chorrensis n. sp., p. 147

13' Distal comb of tibia dark brown to black; South America 14

14(13') Elytral maculation (Figs. 23-24) reduced, at most with narrow, irregular transverse

band; (habitus. Fig. 23-24); Colombia to Trinidad

\A. R. caucensis n. 150

14' Elytral maculation (Fig. 29) normal, with large circular or oval transverse spot . . .

15

15 (14') Rostrum with fine, narrow, inconspicuous median carina in basal 0.50; sternum 1

without apical fringe of scales 16

15' Rostrum with broad, flat, alutaceous area in basal 0.50, not carinate; sternum 1 with
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apical fringe of scales; Brazil (Para) 9. R. mangabeirensis n. sp., p. 142

16(15) LP + LE under 1 0 mm, generally under 9 mm except in Venezuela; phallus ( Eig. 65)

with apex narrowly rounded but not distinctly lipped; (habitus, Fig. 29); Venezuela

to southern Brazil (Santa Catarina) \6. R. brevicollis ChtwoVdt, g>. 153

16' LP + LE normally over 10 mm, not known from Venezuela; phallus (Fig. 66-67)

with apex narrowly rounded and distinctly lipped; (habitus. Fig. 30); northeastern

South America 17. R. pseudostigma n. sp., p. 155

17(12') Rostrum with median carina conspicuous, convex, polished; elytral vestiture uniform,

tan, if lateral macula conspicuous then strial punctures squamose; (habitus. Fig. 27-

28); South America south of Amazon River

15. A. cinereopimctatus Chevrolat, p. 151

17' Rostrum with median carina fine to obsolete, alutaceous; elytral vestiture not as

described above, various; (habitus. Fig. 31); southern Mexico (Chiapas) to southern

Brazil 18. A. stigma (Linnaeus), p. 156

The species groups and species

THE traiisversalis GROUP

Included species. — R. fiedleri n. sp., R. klagesi n. sp., R. maculipes n. sp., and R. traiisversalis

Chevrolat.

Diagnostic combination. — Adults of this group are distinguished from those of other Rliino-

clienus by having erect scales in the metasternal sulcus; male genitalia with phallus short, broad,

truncate apically, and endophallus without spine field; and female genitalia with eighth sternite

slender, stem proportionately long and with narrow base, and with dense fringe of apical setae.

Description. - Size moderate for genus. Integument above rufous, below rufopiceous. Head with or without vestiture along

midline in front of frontal fovea, densely squamose behind fovea; antenna inserted at or slightly behind anterior 0.33 of rostrum,

LRapex/LRbase 0.47 - 0.55 in male and 0.53 - 0.63 in female, WRmin/WRmax 0.74 - 0.80, LR/LA 0.61 - 0.71, LR/LP 0.60 - 0.66;

second funicular segment about 0.4 - 0.5 as wide as long and about as long as first funicular segment; interocular ratio 0.41 - 0.48.

Prothorax conical or subconical, 0.90 - 0.94 as long as wide; punctures near middle of disc separated by average distances less

than diameters of each. Scutellum ovate to circular, about 0.7 - 1.0 as wide as long. Elytron with strial punctures fine to coarse;

intervals flat, uniform in width; WE/LE 0.56 - 0.60. Lateral processes of mesosternum glabrous or sparsely to densely squamose.

Ventral sulcus of metasternum with slender, erect scales in apical 0.25 to 0.75. Sternum 5 strongly biconvex in male. Distal comb

of tibia black. Male genitalia with phallus short, wide, parallel-sided or swollen at middle, broadly truncate at apex; endophallus

without evident field of spines or spicules. Female eighth sternite slender, stem long and with narrow base, apex with dense

fringe of setae or at least with more than single row of setae, hyaline area not acuminate basally; spermatheca with nodulus

not produced.

Natural history. — The host plant, Hymenaea courbarib is known for R. traiisversalis, deduced

for R. klagesi and R. maculipes by association with long series of other Rhinoclienus specimens

bearing identical label data, and assumed for R. fiedleri. See discussion of natural history of R.

traiisversalis. The type of cryptic coloration of R. maculipes is a departure from that of the other

species in the genus, probably indicative of a behavioral difference. The pattern of maculation of

R. klagesi is nearly identical to that of some sympatric members of other groups, suggesting a

mimetic relationship.

Geographic relationships. — The aggregate range is from southern Central America to southern

Brazil, sympatric with all other groups. At least R. klagesi and R. maculipes are sympatric in

northern Brazil.

Phylogenetic relationships. — The traiisversalis group is clearly monophyletic, defined by the

synapotypic squamose metasternal sulcus, truncate phallus, and bare endophallus. It most pro-

bably is the sister group of all other Rhinoclienus, as suggested both by cladistic analysis (cf.

Willis 1971, Whitehead 1972) and by relatively great morphological discontinuity, but the other

Rhinochenus share no known unreversed synapotypic character state.
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1. Rhinochenus fiedleri Whitehead, new species

Type-material. — Holotype: male labelled “Brazil” and “W. G. Dietz Coll.”. Type-locality:

Brazil, no precise designation. Type-depository; MCZ.

Diagnostic combination. — The holotype of this species is distinguished from other members

of the transversalis group by having punctations and vestiture along the midline of the head in

front of the frontal fovea.

Description of male. - Length, pronotum + elytron, 11.5 mm. Vestiture squamose, light tan, concolorous except for minute

dark scales in bare areas of elytron. Head densely squamose from behind basal 0.25 of rostrum laterally and from base of

rostrum dorsally, area immediately in front of frontal fovea squamose. Rostrum with fine carina in postmedian 0.25, impunctate

along midline near carina but punctate behind carina, elsewhere finely and nearly uniformly punctate; microsculpture with

meshes slightly stretched longitudinally, flattened, obsolete near carina. Pronotum (Fig. 11) about as wide at middle as at base,

disc with slight median elevation; punctures fine, moderately dense, near middle of disc separated by average distances equal

to slightly less than diameters of each; punctures each with small, inconspicuous scale except for broad scales in anterior and

posterior ventropleural corners and in divided prescutellar spot; microsculpture granulose. Elytron (Fig. 11) with lateral macula

large, nearly circular, irregular, extended to about stria 1, faintly rimmed; scutellar area bare; strial punctures each with slightly

enlarged scale, punctures not surrounded by glabrous spots, inconspicuous in apical 0.33, at basal 0.33 about as wide as interval

5; interval 10 in middle 0.33 narrow, convex, stria 10 feeble; microsculpture granulose. Venter of thorax densely squamose;

lateral processes of mesosternum with 3-4 fine scales, microsculpture granulose; middle 0.33 of metepisternum with about 1

irregular row of scales mesally, microsculpture granulose; sides of metasternum moderately densely squamose except for granu-

lose margin. Abdomen with sternum 1 flattened mesally, densely squamose mesally but sparsely so laterally, scales slender and

subrecumbent, no apical marginal band of scales; sterna 2-4 with scales slender and subrecumbent except laterally where broad

and recumbent, sterna 3-4 each uniformly densely punctate. Legs densely squamose, ventral pads of tarsi tan. Male genitalia with

phallus (Fig. 40) short and broad, apex truncate; endophaUus without conspicuous spicules.

Measurements, holotype male: length, LE, 8.6 mm + LP, 2.9 mm = 11.5 mm; WPmax = WPbase, 3.2 mm; WE, 5.2 mm;
LR, 0.64 mm + 1.22 mm = 1.86 mm; WRmin, 0.71 mm; WRmax, 0.96 mm; WFmin, 0.82 mm; WFmax, 1.84 mm; LA, 1.11 mm
+ 1.33 mm + 0.53 mm = 2.97 mm.

Material examined. -
I examined only the holotype, from an unspecified locality in Brazil.

Etymological note. — This species is dedicated to Carl Fiedler, in recognition of his studies

of cryptorhynch weevils.

Natural history. — No data are available, but I assume this species attacks Hymenaea courbaril

as does R. transversalis, and that its feeding behavior is similar.

Geographic relationships. - Whether or not this species is sympatric with other members of

the transversalis group is unknown.

Phylogenetic relationships. - I regard R. fiedleri as sister to the common ancestor of the other

members of the transversalis group, plesiotypic in having punctures in front of the frontal fovea

but apotypic in having visible sterna 3-4 more completely punctate.

2. Rhinochenus klagesi Whitehead, new species

Type-material. - Holotype: male labelled “Santarem. July, 1919. S. M. Klages. Acc. 6324.”.

Type-locality: Santarem, Para, Brazil. Type-depository: CMPP. Allotype; female, same label

data as holotype (CMPP). Paratypes: 9 specimens with same label data as holotype (CMPP, USNM).

Diagnostic combination. - Specimens of this species are distinguished from other members

of the transversalis group by having the pronotum distinctly wider at middle than at base.

Description. - Length, pronotum + elytron, 10.0 - 11.1 mm. Vestiture squamose, light tan, scales of pronotum and elytral

macula orange. Head densely squamose from behind basal 0.25 of rostrum laterally and from frontal fovea dorsally, area

immediately in front of frontal fovea bare or nearly so. Rostrum with fine carina in basal 0.50, impunctate along midline near

carina, elsewhere finely and nearly uniformly punctate; microsculpture with meshes longitudinally stretched, flattened, obso-

lete near carina. Pronotum (Fig. 12) wider at middle than at base, disc with slight median elevation; punctures coarse, dense,

near middle of disc separated by average distances equal to about 0.50 diameters of each; punctures each with conspicuous

orange scale except for broad pale scales in anterior and posterior ventropleural corners and in divided prescutellar spot;

microsculpture granulose. Elytron (Fig. 12) with lateral macula large, transverse, rectangular, regular, extended to about middle

of sutural interval, not or faintly rimmed; scutellar area of orange scales absent or small; strial punctures each with slightly

enlarged scale, punctures not surrounded by glabrous spots, inconspicuous in apical 0.33, at basal 0.33 much narrower than

interval 5; interval 10 in middle 0.33 narrow, convex, stria 10 feeble; microsculpture granulose. Venter of thorax densely
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squamose; lateral processes of mesosternum bare or sparsely squamose, microsculpture granulose; middle 0.33 of metepister-

num with about 1 - 2 irregular rows of scales mesally, microsculpture flattened and longitudinally stretched; sides of meta-

sternum moderately densely squamose except along margin where microsculpture flattened. Abdomen with sternum 1 flattened

mesally in male, convex in female, densely squamose mesally but sparsely so laterally, scales slender and subrecumbent, no

apical marginal band of scales; sterna 2 - 4 with scales slender and subrecumbent except laterally where broad and recumbent,

sterna 3 - 4 each with transverse band of 1 - 2 rows of punctures. Legs densely squamose, ventral pads of tarsi tan. Male geni-

talia with phallus (Fig. 41) relatively slender, parallel-sided, apex (Fig. 48) truncate; endophallus without conspicuous spicules.

Female genitalia with spermatheca (Fig. 86); eighth sternite (Fig. 80) with apical setae less dense than in related species.

Measurements, holotype male: length, LE, 7.5 mm + LP, 2.4 mm = 9.9 mm; WPmax, 2.7 mm; WPbase, 2.6 mm; WE, 4.3 mm;
LR, 0.38 mm + 0.91 mm = 1.29 mm; WRmin, 0.71 mm; WRmax, 0.84 mm; WFmin, 0.80 mm; WFmax, 1.69 mm; LA, 0.82 mm
-1-1.11 mm + 0.44 mm = 2.37 mm.

Material examined. -
1 examined 11 specimens from the type-locality (Fig. 137).

BRAZIL. Para: Santarem (11; CMPP, USNM).

Etymological note. - This species is dedicated to S. M. Klages, collector of the type-series

of this species and large quantities of other South American beetles.

Natural history. - Specimens of R. pseudostigma, R. stigma, and R. cinereopunetatus bear

the same label data as does the holotype of R. klagesi, hence all 4 species probably were found

in association with fruits of Hymenaea eourbaril. Santarem specimens of R. pseudostigma al-

most exactly match those of R. klagesi in external appearance, thereby suggesting the existence

of a mimetic complex; see discussion of R. pseudostigma.

Geographic relationships. - Among members of the transversalis group, R. klagesi is sympatric

with at least R. maeulipes, and among other Rhinochenus with at least R. brevicollis, R. pseudostigma,

R. stigma, and R. cinereopunetatus. In terms of postulated Pleistocene refugia, relationships are

unclear because Santarem, the only known locality, is intermediate between the Guyana and

Madeira-Tapajoz refugia and is represented by elements of both.

Phylogenetic relationships. — This species is plesiotypic in pronotal form and therefore is

regarded as sister to the common ancestor of R. transversalis and R. maeulipes with which it

shares the synapotypic condition of reduced punctation in front of the frontal fovea. The limited

available distributional data preclude a definite statement that this form is a distinct species; it

could be conspecific with R. fiedleri, R. transversalis, or both. It is distinguished, however, by

numerous details, is more modest in body size than is normal for other members of the group,

and if not sympatric is probably at least sufficiently proximal in distribution as to make genetic

continuity unlikely in face of the differences.

3. Rhinoehenus maeulipes Whitehead, new species

Type-material. - Holotype: female labelled “Cent. Brazil. Chapada. 2600. ft. Nov. 1902.

A. Robert. 1903-96.”. Type locality: Chapada dos Guimaraes, Mato Grosso, Brazil. Type-

depository: BMNH. Allotype: male labelled “Chapada Brazil Acc. No. 2966” and “Sept.”

(CMPP). Paratypes: female labelled “maeulipes mihi Dup”, etc. (BMNH); male with same label

data as allotype except “Oct.” (USNM); and female from Santarem, Para, Brazil (CMPP).

Diagnostie combination. — Specimens of this species are distinguished from other members

of the transversalis group by having glabrous strial punctures and by having variegated femora

and elytra.

Description. - Length, pronotum + elytron, 13.2 - 13.9 mm. Vestiture squamose, scales mostly small, pale yellow, elytra

and femora variegated with dark gray scales. Head densely squamose from behind anterior eye margin laterally and from be-

hind frontal fovea dorsally, rostrum without conspicuous scales except at extreme base. Rostrum with fine median carina in

basal 0.50, impunctate on carina and in small area along and in front of apical 0.50 of carina, elsewhere finely and nearly

uniformly punctate; microsculpture with meshes strongly stretched longitudinally, flattened or obsolete near carina. Pronotum

(Fig. 13) conical, widest at base; disc with slight median elevation; punctures coarse and dense, near middle of disc separated

by average distances equal to about 0.50 diameters of each; punctures each with small, conspicuous or inconspicuous scale

except for broad scales in complete ventropleural band and few broad scales along midline and in paralateral longitudinal

stripes; microsculpture evident but flattened, surface shiny. Elytron (Fig. 13) conspicuously glabrous around strial punctures

and nearly glabrous in middle 0.33 of intervals 9-10, without definite lateral macula or bare scutellar area; vestiture pale
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yellow except for longitudinally arranged dark gray variegation; holotype with broad gray scales on most of sutural interval,

small spot near basal 0.17 of interval 2, small spot near base of interval 3, short stripe near base and on middle 0.33 of interval

4, short stripe near basal 0.40 of interval 5, spots near apical 0.33 and basal 0.33 of interval 6, and spots near apical 0.33 and

middle of interval 7; strial punctures with scales fine, inconspicuous; punctures coarse and deep, conspicuous throughout;

interval 10 in middle 0.33 narrow, vaguely defined; microsculpture flattened. Venter of thorax densely squamose; lateral

processes of mesosternum with few scales, longitudinally microsculptured; middle 0.33 of metepisternum with about 1 - 2

irregular rows of scales mesally, polished; sides of metasternum moderately densely squamose except for polished margin.

Abdomen with visible sternum 1 of female convex mesally and moderately squamose, in male concave mesally and with

dense erect setiform scales, no apical marginal band of scales, in lateral 0.33 with scales less dense and surface shinier; sterna

2 - 4 with scales narrow and moderately dense except laterally where shghtly or much broader, sterna 3 - 4 each with trans-

verse band of about 2 -3 rows of punctures. Legs densely squamose except femora with much of anterior and posterior faces

sparsely squamose and with mixture of dark and pale scales, ventral pads of tarsi pale yellow. Male genitalia with phallus (Fig.

42) swollen at middle, apex (Fig. 46) and endophallus as in R. transversalis. Female genitalia with spermatheca (Fig. 87) and

eighth sternite (Fig. 81) similar to those oi R. transversalis.

Measurements, holotype female: length, LE, 10.4 mm +LP, 3.5 mm = 13.9 mm; WPmax = WPbase, 3.8 mm; WE, 5.9 mm;
LR, 0.80 mm -t- 1.51 mm = 2. 31.mm; WRmin, 0.80 mm; WRmax, 1.02 mm; WFmin, 0.98 mm; WFmax, 2.13 mm; LA, 1.42

mm + 1.77 mm -t- 0.62 mm = 3.81 mm.

Variation. — In a female paratype, scales in the gray maculated areas of the elytra are rela-

tively minute. In some specimens the maculated areas are more extensive, with several small

spots on interval 2, apical spots on intervals 4 and 5, and complete lateral macula on intervals

4-8 which is indefinite in outline, formed of stripes of gray maculation on each interval rather

than a discrete area.

Material examined. -
I e.xamined 5 specimens from central and northern Brazil (Fig. 137).

BRAZIL (1; BMNH). Mato Grosso: Chapada dos Guimaraes (3, BMNH, CMPP, USNM). Para: Santarem (1; CMPP).

Etymological note. - The holotype was placed under the manuscript name maculipes''

in the British Museum, and I here validate that name.

Natural history. — The holotype specimen was among a uniformly labelled series including

R. chevrolati, R. cinereopunctatus, and R. stigma; none of these specimens bore natural history

data, but both R. cinereopunctatus and R. stigma are known to attack Hyrnenaea courbaril,

and I conclude by inference that R. maculipes does also. Phylogenetic relationships suggest

that it is likely to be behaviorly similar to R. transversalis. The elytral maculation, however,

suggests otherwise; the disrupted pattern is unlike that of ot\vQv Rhinochenus but may, like

the mottled pattern of some forms of R. stigma, be cryptic in resembling discolored pulp,

suggesting that larval or adult R. maculipes may in some way cause pulp discoloration. Thus,

comparisons of the natural histories of R. maculipes and R. transversalis are needed.

Geographic relationships. - Rhinochenus maculipes is known to be sympatric with several

other Rhinochenus species including at least one other member of the transversalis group, R.

klagesi. Available distributional data suggest that it is a component of the Madeira-Tapajoz

Pleistocene refugium.

Phylogenetic relationships. — This species differs greatly from R. transversalis in vestiture

pattern but is morphologically similar and perhaps geographically proximal but allopatric. I

regard R. maculipes and R. transversalis as sister species.

4. Rhinochenus transversalis Chevrolat

Rhinochenus transversalis Chevrolat 1871: 91; Fiedler 1951: 1 108. Lectotype: here designated,

male labelled “p 91 Cay.”, “TYPUS”, “Rhinochenus transversalis Chev”, etc. Type-locality:

“Cayenna”, here restricted to Kourou-Tonate rd. 1 km E jet. of Kourou and coastal roads,

Cayenne. Type-depository: RMSS.

Rhinochenus bahiensis ChQ\ro\?it 1871: 92; Fiedler 1951: 1 107. Holotype: male labelled

“Bahiensis Chev. Bahia Type”, “Museum Paris ex. Coll. Oberthur”, “HOLOTYPE”, etc.

Type-locality: Bahia, Bahia, Brazil; this locality is far south of other reported localities

and may represent an incorrect original citation. Type-depository: MNHP. NEW SYNONYMY.
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Fig. 11-16. Rhinochenus spp., habitus: ll,i?. fiedleri; 12, R. klagesi; 13, R. maculipes; 14,/?. chevrolati; 15,/?. amapensis;

\6, R. reichei.
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Fig. 17-20. Rhinochenus transvefsalis, chromatic variation: 17, Bagaces, Costa Rica; 18, Osa Peninsula, Costa Rica; 19,

Trinidad; 20, Kourou, Cayenne.
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Rhinochenus innotatus Chevrolat 1871: 92; Fiedler 1951 : 1 108 (placed in synonymy with

R. bahiensis). Lectotype: here designated, male labelled “420” (pink). “TYPUS”, “Rhino-

chenus innotatus Chev.”, etc. Type locality: “Colombia”. Type-depository: RMSS. NEW
SYNONYMY.

Taxonomic notes. — The name R. transversalis has page priority over R. bahiensis and R.

innotatus. In addition to lectotypes for transversalis and R. innotatus, the Riksmuseum

has a paratype male of R. bahiensis labelled “fulvicollis”, “Jekel 13” (pink), “TYPUS”,

“Rhinochenus Bahiensis Ch Var Bahia”, “ = innotatus Chevr. (Fiedler)”, etc.; this specimen

represents Chevrolat’s variety 7.

Champion ( 1 905) treated this species as R. stigma, varieties and 7; these varieties are

infrapopulational variations found within samples from Guanacaste and San Jose, Costa Rica.

Similarly, Chevrolat’s (1871) varieties a, |3, and 7 of R. bahiensis are infrapopulational variations

found within the Kourou sample of R. transversalis listed below.

Diagnostic combination. - Among members of the transversalis group, specimens of R.

transversalis are distinguished from specimens of R. maculipes by lacking conspicuous glabrous

areas around the strial punctures, from specimens of R. fiedleri by lacking punctures and

scales in front.of the frontal fovea, and from R. klagesi by the conical pronotum.

Description. — Length, pronotum + elytron, 11.8 - 14.9 mm. Vestiture squamose, light tan to ochraceous, concolorous

except in some specimens with minute dark scales in bare areas of elytron. Head densely squamose from behind base of

rostrum laterally and from behind frontal fovea dorsally, rostrum without conspicuous scales except at extreme base. Rostrum

(Fig. 2) and pronotum (Fig. 1) as 'mR. maculipes. Elytron (Fig. 17-20) with pattern varied: disc nearly uniformly ochraceous.

with 1-3 small spots near middle, with complete or nearly complete transverse band at middle, or with large irregular lateral

spot; in most specimens intervals 9-10 bare at middle, in some specimens humeral region bare; scuteller region bare or nearly

bare in some specimens; discal macula with scales varied from sparse, fine, and slender to barely differentiated from scales

elsewhere on disc, with or without rim of enlarged scales; strial punctures each with slightly to conspicuously enlarged scale,

punctures not surrounded by glabrous spots, inconspicuous in apical 0.33; interval 10 in middle 0.33 feebly defined, not

carinate; microsculpture flattened, surface shiny. Venter of thorax (Fig. 10) densely squamose, scales slender mesally and

broad laterally; lateral processes of mesosternum with few scattered scales to densely squamose, microsculpture longitudinally

arranged; middle 0.33 of metepisternum with punctations increasingly dense toward apex, not arranged in longitudinal rows;

sides of metasternum densely squamose except at margins where bare or with few scales and with microsculpture flattened

but evident in most specimens. Abdomen (Fig. 6, 10) with sternum 1 convex mesally in female and with scales recumbent

and slightly narrower than laterally, in male concave and with scales hairlike and erect, no posterior marginal scales; sterna

2-4 with outer scales dense and broad, inner scales slender and suberect, sterna 3-4 each with transverse band of about 3-4

rows of punctures. Legs densely squamose, ventral pads of tarsi orange. Male genitalia with phallus (Fig. 43) short and broad,

apex (Fig. 47) broadly truncate; endophallus without conspicuous spicules. Female genitalia with spermatheca (Fig. 88);

eighth sternite (Fig. 82-84) slender, base slender, apical setae normally dense.

Measurements, male from Villa Colon, Costa Rica: length, LE, 9.9 mm -i- LP, 3.1 mm == 13.0 mm;WPmax = WPbase, 3.7

mm; WE, 5.5 mm; LR, 0.76 mm + 1.29 mm = 2.05 mm; WRmin, 0.76 mm; WRmax, 0.96 mm; WFmin, 0.84 mm; WFmax,

1.80 mm; LA, 1.11 mm -f- 1.35 mm -t- 0.58 mm = 3.04 mm.

Measurements, male from Kourou, Cayenne: length, LE, 9.1 mm -i- LP, 3.1 mm = 12.2 mm; WPmax = WPbase, 3.4 mm;
WE, 5.5 mm; LR, 0.64 mm -i- 1.24 mm = 1.88 mm; WRmin, 0.76 mm; WRmax, 0.93 mm; WFmin, 0.84 mm; WFmax, 2.00

mm; LA, 1.16 mm -i- 1.38 mm + 0.49 mm = 3.03 mm.

Variation. — One female from 9 mi. E Esparta, Costa Rica (USNM) is aberrant in having the

dorsal punctation notably sparse and irregular, vestiture sparse, and apex of eighth sternite

(Fig. 84) sparsely setose. Another female from Bagaces, Costa Rica (USNM) is a dwarf, measur-

ing 8.6 mm in length in contrast to the normal 1 1.8-14.9 mm.
In central and western Costa Rica, most specimens have an irregular elytral spot extending

from near the lateral margin to somewhere between striae 1 and 3, and the spot has moderately

dense, wide scales and a pale border; interval 2 from its base to slightly behind the scutellum

has sparse, fine scales; and the pronotal scales are large. Most specimens from Panama are simi-

lar except that the scutellar area is not differentiated. One specimen from the Osa Peninsula

in southeastern Costa Rica has the elytral spot greatly enlarged, without the pale border, and

with notably fine, sparse, short, hairlike scales; interval 2 is nearly bare half way to spot; and

the pronotal scales are fine. In one specimen from Venezuela, the elytral spot is small and
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distant from the lateral margin, has a pale border, and has sparse, fine scales; interval 2 is nearly

bare half way to spot; and the pronotal scales are fine. Most specimens from Trinidad and

Guyana have the spot developed as a broken or complete transverse band, no pale margin, scales

sparse, fine, and slender; interval 2 is nearly glabrous from base to about 0.33 distance to band;

and the pronotal scales are slender. Specimens from Brazil and Cayenne have the elytra nearly

uniformly squamose, with or without 1-3 minute spots in area of band, no pale margins, and

the scales of the scutellar region are not or only slightly reduced; and the pronotal scales are

fine. See Fig. 1 7-20.

Material examined. - I examined more than 396 specimens of R. transversalis, from Honduras southward through Central

America and across northern South America to Brazil (Fig. 137).

HONDURAS. Comayagua: 6 km. N Comayagua. NICARAGUA. Chontales. COSTA RICA. Alajuela: 3.5 mi. W. Rio Prendas,

nr. Alajuela. Cartago: Turrialba. Guanacaste; Bagaces; Comelco, Bagaces; 4-5 mi. N. Bagaces; Canas; La Pacifica, Cahas; 2-4 mi.

E Canas; 8 mi. N Cahas. Puntarenas: 9 mi. E Esparta; Monteverde road, 10 mi. N 24th de Noviembre; Rincon, Osa Peninsula.

San Jose: Escazu; Sabanilla; San Jose; Villa Colon. PANAMA. Code: Rio Hato. VENEZUELA . Barinas: Campo Alegre.TRINI-

DAD. Port of Spain; St. Augustine. GUYANA. Bartica District: Kartabo. CAYENNE. Kourou-Tonate road; Roches de Kourou.

BRAZIL. Bahia: Bahia (?).

Natural history. — So far as known, larvae of R. transversalis develop exclusively in fruits of

Hymenaea courbaril, and adults have been taken in association with these fruits from October

through April. According to D.‘H. Janzen (pers. comm.), one larva develops in each fruit. The

larva eats a portion of each of the several seeds in the pod, and in so doing will kill any other

larvae of Rhinochenus present. Janzen names this species the “holedriller”, since the adult is

capable of escaping through an exit hole drilled through the thick pod wall by the larva before

pupation. In Costa Rica, this species is relatively rare in undisturbed forest but in disturbed

areas tends to replace R. stigma because of its lack of dependence on external agents for emer-

gence from the pod. Specimens are rarely collected except in association with the host fruits.

In Central America, the elytral pattern of R. transversalis is distinctive from those of other

species. However, in northern South America, where the pattern is reduced to a narrow trans-

verse band or row of spots or is evanescent, the patterns of the distantly related R. transversalis

and R. caucensis are strikingly similar (cf. Fig. 19-20, 23-24). These species are not known to

be syntopic, but as this type of maculation is not repeated elsewhere in the range of Rhinochenus

I suspect that R. caucensis and R. transversalis may form part of a mimetic complex. Elsewhere

in South America, the elytral macula of R. cinereopunctatus also tends to be evanescent, but

through decreased differentiation of scale size rather than through reduction in size of macula.

Geographic relationships. — Rhinochenus transversalis may be allopatric to other members

of the transversalis group; Brazilian records need confirmation and clarification (I think the

supposed type-locality of R. bahiensis is in error, but have seen various specimens labelled

“Brazil”). Throughout its range it occurs in the same fruit crops with R. stigma-, in southeastern

Costa Rica and western Panama with R. janzeni; and in Trinidad and Cayenne with at least

R. x-rubra. Pleistocene refugial relationships are unclear because of the wide geographic distri-

bution, but it seems likely from a consideration of geographic variation that several refugia

were occupied. The Central American form probably is associated with a refugium or refugia

in the area surrounding the Costa Rica-Chiriqui highlands; specimens from Venezuela, Trinidad,

and Guyana, which tend to have the narrow, transverse elytral fascia, may be associated with

one or more of the refugia of northwestern South American drainage systems; and specimens

from Cayenne and “Brazil”, with the elytral macula greatly reduced or vestigial, probably derive

from the Guyana refugium.

Phylogenetic relationships. — I regard R. transversalis as the sister species of R. maculipes.

These 2 forms could be geographic variations of one species, but the differences between them

are so much greater than is the known variation within R. transversalis that I treat them as

reproductive isolates.
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THE hercules GROUP

Included species. — R. amapensis n. sp. and R. hercules Chevrolat.

Diagnostic combination. — Adults of this group are distinguished from ot]\Qr Rhinochenus

by the combination of lacking erect scales in the metasternal sulcus, having the antennal inser-

tion behind the anterior 0.33 of the rostrum, and having a complete anterior band of dense

elytral vestiture; male genitalia not known; female genitalia with eighth sternite broad, stem

proportionately short and with broad base, and with dense fringe of apical setae.

Description. - Size large for genus. Integument rufous above, rufopiceous below. Head with vestiture along midline in

front of frontal fovea, densely squamose behind fovea; antenna inserted behind anterior 0.33 of rostrum, LRapex/LRbase

0.67 - 0.69 in female, WRmin/WRmax 0.71 - 0.74, WRmin/LR 0.34 - 0.38, LR/LA 0.65 - 0.67, LR/LP 0.65 - 0.67; second

funicular segment about 0.50 as wide as long and about as long as first funicular segment; interocular ratio 0.41 - 0.46.

Prothorax conical, widest at base, 0.89 - 0.94 as long as wide; punctures near middle of disc separated by average distances

nearly twice diameters of each. Scutellum ovate, about 0.7 as wide as long. Elytron with strial punctures coarse, at anterior

0.33 as wide or wider than interval 5, in posterior 0.33 inconspicuous and not surrounded by glabrous areas; intervals flat,

uniform in width; WE/LE 0.61 - 0.66. Lateral processes of mesosternum not or sparsely squamose. Ventral sulcus of meta-

sternum without erect scales in apical 0.50. Distal comb of tibia black. Eemale eighth sternite broad, stem short and with

broad base, apex with dense fringe of setae, hyaline area acuminate basally. Male genitalia and secondary sex characters

not known.

Natural history. — Whether conspecific, or reproductive isolates as treated here, these 2

forms probably are biological equivalents and may be behaviorly similar to members of the

reichei group. The host plant is unknown, probably Hymenaea courbaril.

Geographic relationships. — The included species so far as known are allopatric, closely

related, and perhaps not reproductively isolated from each other. The aggregate range is across

northern South America north of the Amazon, from Colombia to northeastern Brazil, in con-

trast to the more southern distributions of members of the reichei group.

Phylogenetic relationships. - The hercules group is clearly monophyletic, defined by the

synapotypic placement of the antennal insertion well behind the anterior 0.33 of the rostrum.

It probably is sister to the reichei group as suggested by the large body size characteristic of

members of both groups and by possession of numerous symplesiotypic characteristics, but

I have not discovered any definitive synapotypic characteristics to define the hercules-reichei

lineage. Differences between the groups are relatively minor in an evolutionary sense but are

sufficiently conspicuous to merit emphasis by placement in separate groups. Perhaps the bare

elytral base in members of the hercules group reflects a general trend toward loss of elytral

vestiture as in the reichei group.

5. Rhinochenus amapensis Whitehead, new species

Type-material. - Holotype: female labelled “Colecao J. Lane” and “SERRA do NAVIO
Terr. Amapa BRAZIL 25 IX - 1957 J. Lane leg.”. Type-locality: Serra do Navio, Amapa,

Brazil. Type depository: MZSP. Paratypes: 2 females from Cayenne (MNHP).

Diagnostic combination. - In having the antennal insertion near the apical 0.40 of the ros-

trum, lacking erect scales in the metasternal sulcus, and having the anterior elytral band of

vestiture complete, specimens of this species resemble only those of R. hercules from which

they differ by being much smaller and by having the wide basal glabrous band of the elytra

complete to lateral margins.

Description offemale. - Length, pronotum + elytron, 15.1 - 15.6 mm. Vestiture squamose, light tan, concolorous. Head

densely squamose from behind middle of rostrum laterally and from near base of rostrum dorsally. Rostrum with fine median

Carina in basal 0.50, elsewhere nearly uniformly punctate; surface dull from longitudinally oriented microsculpture. Pronotum

(Fig. 15) widest at base, disc without pronounced median elevation; punctures fine and sparse; punctures with broad scales in

complete ventropleural band, prescutellar spot, and paramedian basal spots, scales otherwise small and slender; microsculpture

granulose. Elytron (Fig. 15) with lateral macula transverse, extended at least to middle of interval 1 or to suture, jagged in

outline, without conspicuous rim; base of elytron with complete, wide, transverse glabrous band from lateral margin to suture;
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strial punctures each with broad scale; interval 10 in middle 0.33 narrow, flat, stria 10 feeble; microsculpture granulose. Ven-

ter of thorax densely squamose; lateral processes of mesosternum bare, microsculpture granulose; middle 0.33 of metepisternum

densely squamose, microsculpture granulose; sides of metasternum densely squamose except for granulose margin. Abdomen

with sternum 1 convex or slightly flattened and with slender recumbent scales mesally, scales elsewhere broad; sterna 2-4 with

scales broad and dense laterally, elsewhere slender and sparse, sterna 3-4 each with transverse band of about 1-3 rows of punc-

tures; sternum 5 flattened apically, densely squamose, scales most dense lateroapically, broad laterally but elsewhere slender.

Legs densely squamose, ventral pads of tarsi tan. Female genitalia with spermatheca (Fig. 98) proportionately large; eighth

sternite (Fig. 95) broad, base broad, apical setae dense.

Measurements, holotype female: length, LE, 11.2 mm + LP, 3.8 mm = 15.0 mm; WPmax = WPbase, 4.2 mm; WE, 7.2 mm;
LR, 1.02 mm +1.47 mm = 2.49 mm; WRmin, 0.96 mm; WRmax, 1.29 mm; WFmin, 1.13 mm; WEmax, 2.5 1 mm; LA, 1.42

mm + 1.77 mm + 0.62 mm = 3.81 mm.

Material examined. - I examined 3 female specimens from Cayenne and northeastern Brazil (Fig. 138).

BRAZIL. Amapa: Serra do Navio (1; MZSP). CAYENNE. St. Jean du Maroni (1; MNHP); St. Laurent du Maroni (1; MNHP).

Etymological note. — This species is named for the type-locality, Territory of Amapa, Brazil.

Natural history. — No data are available, but specimens of R. pseudostigma and R. x-rubra

from St. Jean du Maroni were collected in association with fruits of Hymenaea courbaril. How-
ever, label data are not identical and specimens evidently were collected over a period of some

years so no direct inference may be drawn, but there is no reason to suggest that the host is

other than H. courbaril.

Geographic relationships. — Several other species have been found within the probable range

of R. amapensis; at least R. pseudostigma and R. x-rubra occur in the same Cayenne localities,

and at least R. stigma in the Amapa locality. Rhinochenus amapensis is not known or suspected

to be sympatric with the other member of the hercules group, R. hercules. Known localities

correlate well with environs of the postulated Guyana Pleistocene forest refugium.

Phylogenetic relationships. — Rhinochenus amapensis and R. hercules are sister species. They

obviously are closely related and perhaps even conspecific, but among the few specimens avail-

able of each the numerous differences are constant.

6. Rhinochenus hercules Chevrolat

Rhinochenus hercules Chevrolat 1871: 86; Fiedler 1951: 1 107. Holotype: female (?) labelled

“Colombia Coll. Jek”, “typus 1871”, “Hercules (Jekel) Chevr.”, “R. hercules Chevrol.

typus!”. Type-locality: “Colombia”. Type-depository: Societa Entomologica Italiana,

Genova.

Taxonomic notes. — The holotype was examined by C. W. O’Brien, and compared with

material described herein: slightly smaller, rostrum without distinct carina, and venter with

vestiture more dense. Chevrolat (1871) described the elytral maculae as joined at suture; in

O’Brien’s notes, they do not meet on suture but appear to do so under low magnification be-

cause the surfaces are somewhat abraded.

Diagnostic combination. — Specimens of this species are readily distinguished by their com-

bination of large size, lack of erect scales in metasternal sulcus, insertion of antenna near apical

0.40 of rostrum, anterior elytral vestiture band complete, and basal glabrous band of elytra not

extended to side margins.

Description. - As in R. amapensis except as follows. Length, pronotum + elytron, 18.0 - 18.6 mm. Elytral intervals 6, 9,

10 squamose basally, basal glabrous band thus incomplete. Lateral processes of mesosternum with few, scattered scales, micro-

sculpture flattened and longitudinally stretched. Microsculpture of metepisternum flattened, inconspicuous, longitudinally

stretched. Eemale genitalia with spermatheca (Fig. 97) proportionately smaller than in R. amapensis', eighth sternite (Fig. 94).

Measurements, female from Colombia: length, LE, 13.8 mm + LP, 4.8 mm = 18.6 mm; WPmax = WPbase, 5.2 mm; WE,

9.2 mm; LR, 1.29 mm +1.91 mm = 3.20 mm; WRmin, 1.09 mm; WRmax, 1.53 mm; WEmin, 1.27 mm; WFmax, 3.11 mm;

LA, 1.73 mm + 2.40 mm + 0.67 mm = 4.80 mm.

Material examined. -
I examined 2 female specimens with imprecise label data, probably both from Colombia (Fig. 138).

No locality (1; USNM). COLOMBIA (1; BMNH).

Natural history. —No data are available, but the host plant presumably is Hymenaea courbaril.
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Geographic relationships. — As no precise localities are known, no precise comparisons may

be made concerning sympatric species or putative refugial relationships. The only other member

of the hercLiles group, R. amapensis, is evidently allopatric.

Phylogenetic relationships. — Rhinochenus hercules and R. amapensis are either sister species

or geographic forms of the same species.

THE reichei GROUP

Included species. - R. chevrolati n. sp. and reichei (Boheman).

Diagnostic combination. Adults of this group are distinguished from oXhtx Rhinochenus

by the combination of lacking erect scales in the metasternal sulcus, having the antennal inser-

tion behind the anterior 0.33 of the rostrum, and having the anterior band of dense elytral

vestiture reduced to at most a small sutural shield or absent; male genitalia with phallus swollen

at middle, apex narrowly rounded and lipped, endophallus with basal field of large spines; and

female genitalia as described for hercules group.

Description. - Size large for genus. Integument rufous or castaneous above, rufopiceous below. Head either with vestiture

along midline in front of frontal fovea and densely squamose behind fovea, or nearly completely glabrous except around eye

and across base of rostrum; antenna inserted behind anterior 0.33 of rostrum, LRapex/LRbase 0.51 - 0.57, WRmin/WRmax
0.71 - 0.76, WRmin/LR 0.36 - 0.48, LR/LA 0.57 - 0.63, LR/LP 0.55 - 0.67; second funicular segment about 0.5 as wide as

long and about as long as first funicular segment; interocular ratio 0.42 - 0.52. Prothorax conical, widest at base, 0.88 - 0.92

as long as wide; punctures near middle of disc separated by average distances of 0.50 to 1.50 times diameters of each. Scu-

teUum ovate, about 0.6 - 0.8 as wide as long. Elytron with strial punctures coarse, at anterior 0.33 wider than interval 5, in

posterior 0.33 conspicuous and surrounded by glabrous spots; intervals convex, costate, odd intervals slightly to conspicuously

wider and more strongly raised than even intervals; WE/LE 0.60 - 0.62. Lateral processes of mesosternum bare. Ventral sulcus

of metasternum without erect scales in apical 0.50. Sternum 5 feebly biconvex in male, feebly differentiated from female.

Distal comb of tibia black. Male genitalia with phallus long, swollen at middle, narrowly rounded and lipped at apex; endo-

phallus with basal field of large spines. Female eighth sternite broad, stem short and with broad base, apex with dense fringe

of setae, hyaline area acuminate basally.

Natural history. — The host plant of R. reichei is known to be Hymenaea courbaril. It is

probably the same for R. chevrolati since specimens were in a long series containing also R.

stigma and R. cinereopunctatus which are known to attack H. courbaril. The natural histories

of these species are probably similar but must be differentiated to some degree to allow sym-

patry to exist.

Geographic relationships. — The included species are partially sympatric and syntopic, and

therefore certainly are reproductive isolates. The aggregate range may be restricted to southern

Brazil south of the Amazon, though one specimen of R. reichei is labelled as from “Colombia”.

If indeed southern, then the reichei group is not sympatric with its sister lineage, the hercules

group. The common ancestor of these groups probably was widespread in the Amazon Basin

in pre-Pleistocene time, became fragmented into northern and southern isolates during an

early dry phase of the Pleistocene, and subsequently was subdivided into existing components

during a later dry phase.

Phylogenetic relationships. — The reichei group is clearly monophyletic, defined by the

synapotypic reduction in anterior elytral vestiture and the alternately costate elytral intervals.

It agrees with the hercules group in the possibly synapotypic large body size, and probably the

hercules and reichei groups share a relatively recent common ancestry. If the components of

this lineage are recent, however, the lineage itself is probably much older; it is sister to the

lineage containing the monobasic mangabeirensis group and the much more diverse stigma group.

7. Rhinochenus reichei (Boheman)

Cryptorhynchus reichei Boheman 1844; 303. Rhinochenus reichei, Chevrolat 1871 : 86; Eiedler

1951; 1106. Eectotype; here designated, male (?) labelled “TYPUS”, “Dupont”, “Cr. Reichei
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c Bahia. Mannerheim”, “Rhinochenus Luc.”, etc. Type-locality: Bahia, Bahia, Brazil.

Type-depository: RMSS.

Diagnostic combination. — Members of R. reichei differ from all Rhinochenus by having

the frons and anterior surfaces of the femora largely glabrous rather than covered with uni-

formly dense vestiture.

Description. — Length, pronotum + elytron, 11.1 - 16.2 mm, normally over 14 mm. Vestiture squamose, nearly white, con-

colorous. Head with squamose vestiture limited to narrow, complete or incomplete band across frontal fovea and around eye.

Rostrum with fine median carina in basal 0.50, nearly uniformly punctate; microsculpture flattened, meshes longitudinally

stretched. Pronotum (Fig. 16) widest at base, disc without pronounced median elevation; punctation uneven, punctures near

middle of disc relatively coarse and separated by average distances of 0.50 to 1.50 times diameter of each but laterally much

finer and sparser; punctures with scales minute and setiform except for broad scales in anterior and posterior ventropleural

corners, some specimens with few scales along base and midline; microsculpture obsolete. Elytron (Fig. 16) with squamose

vestiture limited to apical 0.33 with each strial puncture surrounded by large glabrous spot, some specimens with small

squamose spot between striae 1 and 2 near basal 0.25; strial punctures without conspicuous scales, coarse and deep, in most

specimens as wide as or wider than alternate narrow intervals; intervals convex, subcostate, alternate odd-numbered intervals

conspicuously wider and more raised than even-numbered intervals; interval 10 in middle 0.33 narrow, not carinate, micro-

sculpture obsolete. Venter of thorax densely squamose mesally; lateral processes of mesosternum glabrous, longitudinally

microsculptured; middle 0.33 of metepisternum with about 1-2 irregular rows of scales externally, polished internally; sides

of metasternum bare, nearly or wholly impunctate, polished. Abdomen with sternum 1 slightly more convex mesally in female

than in male, with or without partial apical band of scales, slightly opaque and with dense, fine, subrecumbent setiform scales

mesally, polished and nearly impunctate laterally except along anterior and posterior margins; sternum 2 opaque mesaUy and

polished laterally, setiform scales sparse mesally and nearly absent laterally, broad scales absent or present only in small area

at hind angle; sterna 3-4 opaque, each with lateral 0.13 densely squamose and with transverse median band of about 2-3 rows

of punctures; sternum 5 slightly concave mesally in male, lateral 0.33 of margin with dense broad scales, median 0.33 of margin

with dense long scales, elsewhere densely punctate. Legs densely squamose except femora with anterior and posterior faces

largely bare, ventral pads of tarsi orange. Male genitalia as ini?, chevrolati except sclerotized margin narrower apically (Fig. 45),

endophaUus with spines proportionately smaller, slenderer, and more numerous. Female genitalia with spermatheca (Fig. 93);

eighth sternite (Fig. 92) broad, base broad, sclerotization condensed apically, apical setae dense.

Measurements, male from Bahia, Brazil: length, LE, 12.1 mm -h LP, 4.1 mm = 16.2 mm; WPmax = WPbase, 4.5 mm; WE,

7.5 mm; LR, 0.89 mm -t- 1.56 mm = 2.45 mm; WRmin, 1.02 mm; WRmax, 1.36 mm; WRmin, 1.16 mm; WFmax, 2.33 mm;

LA, 1.47 mm -t- 1.87 mm + 0.53 mm 3.87 mm.

Variation. — Specimens of this species are normally large, length 14-16 mm, but I have seen 1

dwarf female. A specimen from “Colombia” differs from Brazilian specimens by having a small

patch of scales near the basal 0.50 of each elytron.

Material examined. - I examined 19 specimens from Colombia and Brazil (Fig. 138), but the Colombian record is probably

the result of a labelling error.

COLOMBIA (1; MCZ). BRAZIL (1; USNM). Bahia: Bahia (
= Salvador) (15; BMNH, IRSB, MNHP, RMSS, UPCB, USNM,

including reared series from Hymenaea courbaril). Mato Grosso: Barra do Tapirape (1; CWOB); Chapada dos Guimaraes (2;

CMPP). Minas Gerais: Vicosa (1; USMN).

Natural history. — Adults have been collected in April and September, and a series was reared

by G. Bondar from fruits of Hymenaea courbaril at Bahia. No behavioral data are available, but

it is likely that the feeding behavior of this species and other members of the hercules and reichei

groups is similar to that of R. transversalis as judged from phylogenetic relationships.

Geographic relationships. — Assuming that the Chapada record of R. reichei is correct, and

there is no reason to assume otherwise, then this species is at least partially sympatric with its

nearest relative, R. chevrolati, but probably not with members of the more distantly related

hercules group. Several other species are sympatric with R. reichei'. Bondar’s reared series from

Bahia included specimens of R. stigma and R. cinereopunctatus as well as R. reichei, and one

undated Chapada series contained specimens of R. brevicollis, R. maculipes, R. stigma, R. cinereo-

punctatus, and R. chevrolati as well as R. reichei. Known locality records suggest recent dis-

persal from the Mato Grosso de Goias Pleistocene refugium and secondary contact with R.

chevrolati.

Phylogenetic relationships. - This species and R. chevrolati are obvious sister species; differ-

ences between them are constant and conspicuous, yet sufficiently minor that only the known

sympatry removes doubt that they are reproductive isolates.
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8. Rhuwchenus chevrolati Whitehead, new species

Type-material - Holotype: male labelled “Cent. Brazil. Chapada. 2600. ft. Nov. 1902. A.

Robert. 1903-96”. Type-locality: Chapada dos Guimaraes, Mato Grosso, Brazil. Type-deposi-

tory: BMNH. Allotype: female, same label data as holotype (BMNH). Paratypes: 16 specimens,

all from type-locality (BMNH, CMPP, USNM)

.

Diagnostie combination. — Members of R. chevrolati differ from all other Rhinochenus except

R. reichei by the combination of conical pronotum, large strial punctures and narrow, convex

intervals, and basal elytral vestiture limited to at most a small sutural shield. Members of R.

chevrolati differ from those of R. reichei by having the frons, vertex, and femora uniformly

densely squamose.

Description. - As in R. reichei except as follows. Length, pronotum + elytron, 16.5 - 17.8 mm. Head densely squamose

behind anterior margin of eye and on lateral basal 0.33 of rostrum. Pronotum (Fig. 14) with punctures slightly coarser, near

middle of disc separated by average distances equal to about 0.50 diameter of each, each with conspicuous slender scale rather

than fine setae; microsculpture conspicuous and granulose dorsally, surface polished laterally; dense scales in complete band

on ventropleural margin. Elytron (Fig. 14), vestiture in apical 0.33 more dense, strial punctures each surrounded by small

glabrous spot; basal vestiture varied from absent to present in sutural shield extended laterad across interval 3; strial punctures

with distinct scales; alternate odd-numbered intervals not or slightly wider and more raised than even-numbered intervals;

microsculpture weak but evident. Venter of thorax more densely squamose, sides of metasternum with sparse, narrow scales;

subrecumbent vestiture of abdominal sterna narrowly squamiform rather than setiform. Femora uniformly squamose. Male

genitaha with phallus (Fig. 44) broad and swollen at middle, apex (Fig. 49) narrowly rounded, lipped, and with wide sclerotized

margin; endophallus with large, broad spines, in dorsal aspect spine field dense and extended 0.50 way to apical orifice of

phallus. Female genitalia with spermatheca (Fig. 92); eighth sternite (Fig. 90) with apical sclerotization broad and apical

setae more dense than in R. reichei.

Measurements, holotype male: length; LE, 12.8 mm -t- LP, 4.2 mm = 17.0 mm; WPmax = WPbase, 4.8 mm; WE, 7.8 mm;
LR, 0.84 mm + 1.47 mm = 2.31 mm; WRmin, 1.02 mm; WRmax, 1.38 mm; WFmin, 1.24 mm; WFmax, 2.40 mm; LA, 1.38 mm
+ 2.04 mm -i- 0.62 mm = 4.04 mm.

Variation. — The squamose vestiture on the basal 0.25 of the elytron ranges from absent

through small spots near interval 2 to a complete sutural shield, as infrapopulational variation.

Material examined. - 1 examined only the 18 specimens in the type-series, from south-central Brazil (Fig. 138).

BRAZIL. Mato Grosso: Chapada dos Guimaraes (18; BMNH, CMPP, USNM).

Etymological note. — I dedicate the name R. chevrolati to A. Chevrolat, for his contributions

to knowledge of the genus.

Natural history. —
I assume that R. chevrolati attacks fruits of Hymenaea courbaril, partly

because the related R. reichei does and partly because in the BMNH series identical label data

are associated with specimens of R. stigma and R. cinereopunctatus which are known to attack

H. courbaril.

Geographic relationships. — Several other species are sympatric: one long series with uniform

label data includes specimens of R. maculipes, R. stigma, and R. cinereopunctatus as well as

R. chevrolati, and another long series contains specimens of all of these and also of R. brevicollis

and R. reichei. The type-locality, Chapada, probably is most easily correlated with the Madeira-

Tapajoz Pleistocene forest refugium.

Phylogenetic relationships. — This species and R. reichei clearly are sister species.

THE mangabeirensis GROUP

Included species. — R. mangabeirensis n. sp.

Diagnostic combination. — The single known representative of this group has the external

characteristics of the stigma group but distinctive female genitalia: metasternal sulcus without

erect scales, antenna inserted slightly in front of anterior 0.33 of rostrum, and elytral vestiture

uniformly dense except in lateral macula; female genitalia with eighth sternite broad, stem

proportionately short and with narrow base, apical margin with dense fringe of setae, and

hyaline area broadly notched basally.

Quaest. Ent., 1976, 12(2)



142 Whitehead

Description. - Size moderate for genus. Integument rufous above, slightly darker beneath. Head with vestiture along

midline in front of frontal fovea, densely squamose behind fovea; antenna inserted slightly in front of anterior 0.33 of

rostrum, LRapex/LRbase 0.45, WRmin/WRmax 0.78, WRmin/LR 0.51, LR/LA 0.57, LR/LP 0.49; second funicular segment

about 0.7 as wide as long and about 0.7 as long as first funicular segment; interocular ratio 0.44. Prothorax subconical, widest

near middle, about as long as wide; punctures near middle of disc coarse and dense, separated by average distances much less

than diameters of each. Scutellum ovate, about 0.7 as wide as long. Elytron with strial punctures fine, at anterior 0.33 much

narrower than interval 5, in posterior 0.33 inconspicuous and not surrounded by glabrous areas; intervals flat, uniform in

width; WE/LE 0.63. Lateral processes of mesosternum glabrous. Ventral sulcus of metasternum without erect scales in apical

0.50. Distal comb of tibia black. Female eighth sternite broad, stem short and with narrow base, apex with dense fringe of

setae, hyaline area broadly lobate basally. Male genitalia and secondary sex characters not known.

Natural history. — It is probable that mangabeirensis, like most othQT Rhinochenus, attacks

fruits of Hymenaea courbaril. It may form an element of a mimetic complex involving several

members of the transversalis and stigma groups, and in particular it closely resembles in external

features the Santarem forms of R. klagesi and R. pseudostigma.

Geographic relationships. - No oihQx Rhinochenus are known from the type-locality of R.

mangabeirensis. However, this group probably is sympatric with at least the transversalis,

hercules, and stigma groups.

Phylogenetic relationships. - I regard the mangabeirensis group as sister to the stigma group,

distinguished by retention of plesiotypic features of the female genitalia. These two groups share

the synapomorphous condition of antennal insertion distad of anterior 0.33 of rostrum, though

the insertion is not as far forward in R. mangabeirensis as in most members of the stigma group.

The ancestor of the mangabeirensis-stigma lineage probably was also characterized by having the

relatively narrow pronotum, apparently secondarily broadened in certain members of the

stigma group.

9. Rhinochenus mangabeirensis Whitehead, new species

Type-material. — Holotype; female labelled “Mangabeira MOCAJUBA PARA BRASIL XI-

1952 Orlando Rego” and “Colecao M. Alvarenga”, etc. Type-locality: Mangabeira, Mocajuba

district, Para, Brazil. Type-depository: UPCB.

Diagnostic combination. — The only known specimen of this species is superficially similar

to 4 other species known to occur in northern Brazil, but is very different in structure of the

female eighth sternite from all of them. In addition, it differs from specimens of R. klagesi

by lacking erect scales in the metasternal sulcus, from R. stigma by having small strial punctures,

and from both R. brevicollis and R. pseudostigma by having a conspicuous impunctate area

near the middle of the rostrum and a conspicuous row of apical marginal scales on sternum 1

.

It is notably similar to Santarem specimens of R. klagesi and R. pseudostigma in size and

maculation, though the lateral elytral macula extends only to the middle of interval 2 rather

than to the middle of interval 1

.

Description offemale. - Length, pronotum + elytron, 11.1 mm. Vestiture recumbent; scales stramineous, orange on

pronotum and elytral macula, otherwise concolorous. Head densely squamose from behind middle of rostrum; rostrum without

median carina but with median, flat, alutaceous area in postmedian 0.25, otherwise nearly uniformly densely punctate; micro-

sculpture flattened, longitudinally stretched. Pronotum wider near middle than at base, disc with slight median elevation;

punctures coarse and dense, near middle of disc separated by average distance much less than diameters of each; punctures

with broad, pale scales in complete ventropleural band, scales elsewhere slender and dark. Elytron with large, transversely

oval macula extended to middle of interval 2, macula without conspicuous rim; strial punctures each with slightly enlarged

scale, not surrounded by glabrous spot, inconspicuous except in macula; interval 10 in middle 0.33 narrow, carinate; micro-

sculpture granulose. Venter of thorax densely squamose; lateral processes of mesosternum glabrous, with granulose micro-

sculpture; middle 0.33 of metepisternum with irregular row of scales, microsculpture flattened. Abdomen with visible sternum

1 convex mesally, with conspicuous row of broad scales in middle 0.33 of apical margin, elsewhere scales mostly slender,

closely spaced in middle 0.33, recumbent; sterna 2 - 4 with scales slender and recumbent except on lateral margins where

broad and dense, sterna 3 - 4 each with transverse median band of about 2 rows of punctures; sternum 5 with scales slender

and subrecumbent except along lateral margins where broad and recumbent, scales notably dense and setiform apicaUy. Legs

densely squamose, ventral pads of tarsi yellow. Female genitalia with spermatheca (Fig. 89); eighth sternite (Fig. 85) broad.
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with slender base and dense apical setae.

Measurements, holotype female: length, LE, 8.2 mm + LP, 2.9 mm =11.1 mm; WPmax, 2.9 mm; WPbase, 2.8 mm; WE,

5.2 mm; LR, 0.44 mm + 0.98 mm = 1.42 mm; WRmin, 0.73 mm; WRmax, 0.93 mm; WFmin, 0.84 mm; WEmax, 1.91 mm;
LA, 0.93 mm + 1.16 mm + 0.40 mm = 2.49 mm.

Material examined. - Only the holotype from northern Brazil (Fig. 140) was examined.

BRAZIL. Para: Mangabeira, Mocajuba district (1; UPCB).

Etymological note. - This species is named for the type-locality.

Natural history. - The host plant is not known, probably Hymenaea courbaril, R. manga-

beirensis probably is part of a mimetic complex including also R. klagesi and R. pseudostigma.

Geographic relationships. — The type-locality of R. mangabeirensis corresponds approximately

to the Belem refugium postulated for Amazonian lowlands during dry phases of the Pleistocene,

and no oXh^r Rhinochenus are yet known from there. However, probably some members of

the transversalis, hercules, and stigma groups occur in this region, and clearly at least R. stigma

must occur there. Moreover, I assume that R. mangabeirensis is involved in a mimetic complex

with at least R. klagesi and R. pseudostigma — each representing a different species group —

and therefore predict that all 3 species are sympatric. Thus, R. mangabeirensis may really be

an element of the Guyana refugium.

Phylogenetic relationships. — As the sole known representative of the mangabeirensis group

R. mangabeirensis is regarded as sister to the stem species of the stigma group.

THE stigma GROUP

Included species. — R. brevicollis Chevrolat, R. caucensis n. sp., R. cinereopunctatus Chevrolat,

R. chorrensis n. sp., R. janzeni n. sp., R. pseudostigma n. sp., R. stigma (Linnaeus), R. thrombi-

thorax n. sp., and R. x-rubra Chevrolat.

Diagnostic combination. — Adults of this group are distinguished from oWiqx Rhinochenus

by having in combination the lack of erect scales in the metasternal sulcus and the antenna

inserted apicad of the anterior 0.33 of the rostrum; male genitalia various in form but with

apex narrowly to broadly rounded, angulate and/or lipped or not, endophallus with apical

field of small spines; and female genitalia with eighth sternite slender and with sparse apical

setae. Members of the mangabeirensis group agree in external characteristics but the female

eighth sternite is broad and densely setose apically.

Description. - Size small to moderate for genus. Integument rufous to rufopiceous, darkened beneath. Head with vestiture

along midline in front of frontal fovea, densely squamose behind fovea; antenna inserted at or in front of anterior 0.33 of

rostrum, LRapex/LRbase 0.27 - 0.48, WRmin/WRmax 0.70 - 0.84, WRmin/LR 0.35 - 0.53, LR/LA 0.52 - 0.76, LR/LP 0.47 -

0.58; second funicular segment about 0.4 - 0.7 as wide as long and about 0.8 - 1.0 as long as first funicular segment; interocular

ratio 0.39 - 0.44. Prothorax subconical in most specimens but widest near base in some, about as long as wide in most species-

but strongly transverse in some; punctures near middle of disc separated by average distances varying from about 0.5 to 1.5

times diameters of each. ScuteUum ovate to nearly circular, about 0.7 to 1.0 as wide as long. Elytron with strial punctures fine

to coarse, at anterior 0.33 varied from much finer to much wider than interval 5, in posterior 0.33 generally inconspicuous but

in some forms conspicuous and surrounded by glabrous areas; intervals flat, uniform in width; WE/LE 0.57 - 0.69. Lateral

processes of mesosternum glabrous or squamose. Ventral sulcus of metasternum without erect scales in apical 0.50. Distal

comb of tibia black or orange. Male genitalia with phallus long, narrow to wide, parallel-sided or swollen near middle, narrowly

rounded to angulate at apex; endophallus with apical field of small or moderate spines. Female eighth sternite slender, stem

short and with narrow to broad base, apex with single row of apical setae, hyaline area acuminate to rounded basally; sperma-

theca with nodulus produced.

Natural history. - The host plant genus of R. brevicollis is Copaifera', R. chorrensis, R. cinereo-

punctatus, R. janzeni, R. pseudostigma, R. stigma, R. x-rubra, and probably R. caucensis and

R. thrombithorax are seed predators of Hymenaea species. Some forms, including at least the

dark, mottled Central American and Mato Grosso forms of R. stigma, are “non-holedrillers”

dependent on external agents for release from Hymenaea fruits; these 2 forms are cryptic for

discolored interstitial pulp. I suspect there are at least 2 mimetic complexes, one with R. cau-

censis convergent on R. transversalis {transversalis group) and the other with R. pseudostigma
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Fig. 21-24. Rhinochenus spp., habitus: 21, R. x-rubra; 22, R. thrombithorax; 23-24, R. caucensis, Valle del Cauca, Colombia,

variation.
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convergent on R. klagesi and R. mangabeirensis {transversalis and mangabeirensis groups).

Phylogenetic relationships. — It seems clear that this group is monophyletic, defined by

synapotypic female genital characteristics, and that it is sister to the mangabeirensis group,

their relationship defined by synapotypic position of antennal insertion. Relationships within

the group need additional study.

10. Rhinochenus x-rubra Chevrolat

Rhinochenus x-rubra Chevrolat 1871 : 87. Rhinochenus x-rubrum, Fiedler 1951 : 1 106. Holo-

type: female labelled “Rubra Chev. Cayenne Type”, “Museum Paris ex. Coll. Oberthur”,

“HOLOTYPE”, etc. Type-locality: “Cayenna”, here restricted to St. Jean du Maroni, Cayenne.

Type-depository: MNHP.

Rhinochenus subcruciatus Chevrolat 1871: 87; Fiedler 1951: 1 107. Holotype: not seen

Type-locality: “Brasilia”. Type-depository: not known. NEW SYNONYMY.
Rhinochenus lucasi Chevrolat 1871: 88; Fiedler 1951: 1 107. Holotype: male labelled “Amazon!

Coll. Jekel”, “Typus 1871”, “Rhinochenus Lucasi Chvl Amazona”, “R. Lucasi Chev. typus!”.

Type-locality: “Amazona”. Type-depository: Societa Entomologica Italiana, Genova. NEW
SYNONYMY.

Taxonomic notes. — Although the name R. subcruciatus has line priority, I select R. x-rubra

as senior synonym because I was personally able to examine the holotype of this named form

only; in the Genova collection, the holotype of R. lucasi and paratype (“variety”) of R. sub-

cruciatus were examined by C. W. O’Brien. The R. subcruciatus paratype is labelled “Cayenna

Coll. Jekel”, “Typus 1871”, “subcruciatus var. Chevrol.” (on underside of proceeding), “sub-

cruciatus Chev. Cayen”, “R. subcruciatus Chevr. typus!”. It probably is a male, with apical

0.33 of sternum 5 destroyed by dermestids.

O’Brien (pers. comm.) noted that the type of R. lucasi differs by being narrower, etc., per-

haps varietal; the proposed synonymy is tentative. I have insufficient knowledge of Brazilian

representatives of R. x-rubra to interpret variation.

Diagnostic combination. - Members of this species are distinguished by their distinctive

elytral vestiture pattern, with the bare macula extended to suture and then forward to nearly

or completely encircle the anterior field of dense vestiture.

Description. - Length, pronotum + elytron, 12.3 - 14.0 mm. Vestiture squamose, tan, concolorous. Head densely squamose

from behind middle of rostrum laterally and from near base of rostrum dorsally. Rostrum with conspicuous median carina

in basal 0.50, elsewhere nearly uniformly punctate; microsculpture flattened, conspicuous, meshes longitudinally stretched;

second funicular segment about 0.6 - 0.7 as wide as long and 0.9 - 1.0 as long as first funicular segment. Pronotum (Fig. 21)

conical or subconical, slightly wider to slightly narrower at middle than at base; LP/WP, 0.96 - 1.04; punctures fine, near

middle of disc separated by average distances about 1.0 - 1.5 diameters of each; broad scales in complete ventropleural band

and broken or complete basal band, scales otherwise small and slender; microsculpture granulose. Elytron (Fig. 21) with

macula extended to suture, along suture to base, and around base to form complete or nearly complete ring around isolated

anterior field of dense vestiture, macula irregular in outline and without conspicuous rim; strial punctures each with broad

scale, not surrounded by glabrous spot, inconspicuous in apical 0.33; punctures at basal 0.33 coarse, punctures of striae 5

and 6 about 2.0 as wide as interval 5; interval 10 in middle 0.33 narrow, flat, stria 10 feeble; microsculpture granulose. Venter

of thorax densely squamose; lateral processes of mesosternum squamose in most specimens, microsculpture granulose; middle

0.33 of metepisternum densely squamose, microsculpture varied from granulose to flattened and longitudinally stretched;

sides of metasternum densely squamose except for granulose margin. Abdomen with visible sternum 1 convex or slightly

flattened mesally in female and strongly flattened mesally in male, with slender recumbent to subrecumbent scales mesally

in female and with erect setae mesally in male, scales otherwise broad and recumbent; sterna 2 - 4 with scales slender and

subrecumbent except laterally where broad and recumbent, sterna 3 - 4 each with transverse band of about 2 - 3 rows of

punctures; sternum 5 flattened apically in female and biconvex apically in male, scales slender except laterally, most dense

apicomesally in female and paramesally in male. Legs with ventral pads of tarsi tan; distal comb of tibia black. Male genitalia

with phallus (Fig. 50) broad, swollen at middle, apex (Fig. 55) narrowly rounded and conspicuously lipped; endophallus with

large field of long spicules. Female genitalia with spermatheca (Fig. 99); eighth sternite (Fig. 96) slender, base of stem broad,

apical setae sparse.

Measurements, male from “Bresil”; length, LE, 9.8 mm + LP, 3.5 mm = 13.3 mm; WPmax, 3.4 mm; WE, 5.8 mm;LR, 0.58 mm
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+ 1.33 mm = 1.91 mm; WRmin, 0.84 mm; WRmax, 1.16 mm; WFmin; 1.02 mm; WFmax, 2.36 mm; LA, 1.47 mm + 1.42 mm
+ 0.53 mm = 3.42 mm.

Variation. — One specimen from Trinidad is paler in integument and slightly smaller than

any of the other specimens, has the macula much narrower than in average specimens, and has

the mesosternal lobes bare rather than squamose as in all except one other specimen. These

differences are slight, and attributable to geographic or perhaps even infrapopulational variation.

Material examined. -
1 examined 21 specimens from various localities in Brazil, Cayenne, and Trinidad (Fig. 140).

No locality (1; BMNH). BRAZIL (2; BMNH, USNM). CAYENNE (12; BMNH, IRSB, MCZ, MNHB, MNHP). St. Jean du

Maroni (4; MNHP); St. Laurent du Maroni (1; MNHP). TRINIDAD (1; BMNH).

Natural history. — One specimen in the St. Jean series bears a label “Fruit de THymenaea

courbaril” and the Trinidad specimen is labelled “Found in fruits of Hymenaea courbaril”.

Geographic relationships. - Rhinochenus x-rubra is probably sympatric with several other

species of the stigma group, and has been collected together with R. pseudostigma at St. Jean

and St. Faurent in Cayenne. Distributional records are correlated neatly with the postulated

Guyana Pleistocene forest refugium.

Phylogenetic relationships. — Except for the apotypic maculation, all characteristics, genital

and external, are plesiotypic within the stigma group. I tentatively regard R. x-rubra as sister

to the ancestor of all other members of the stigma group.

1 1. Rhinochenus chorrensis Whitehead, new species

Type-material. — Holotype: male labelled “N— . 830-18 Date 4-IV-57 Foe. Eos Chorres Col.

Dalton”. Type-locality: Eos Chorres, Fa Fibertad, El Salvador. Type-depository; USNM, type

# 73656. Allotype: female with same label data as holotype (USNM). Paratypes: 4 specimens

from El Salvador (BMNH, MNHP, USNM).

Diagnostic combination. — This is the only species of the genus with pale tibial combs.

Description. - Length, pronotum + elytron, 12.6 - 13.4 mm. Vestiture squamose, scales below mostly pale tan, above

varied from mostly dark orange except for pale tan along midline and base of pronotum, scutellum, base and suture of

elytron, and rim of elytral macula, to mostly tan except for dark orange on elytral macula and pronotal disc. Head densely

squamose from behind middle of rostrum laterally and from basal 0.25 of rostrum dorsally (Fig. 3). Rostrum with fine median

Carina in basal 0.50, nearly uniformly punctate and without conspicuous impunctate area along midline; microsculpture flattened;

second funicular segment about 0.6 - 0.7 as wide as long and about as long as first funicular segment. Pronotum (Fig. 26) sub-

conical, about as wide as long, slightly wider near middle than at base; LP/WP, 0.97 - 1.02; punctures coarse and dense, near

middle of disc separated by average distances equal to about 0.50 diameter of each; scales broad and pale in wide ventro-

pleural band, narrow or interrupted median vitta, and narrow or interrupted basal line, elsewhere orange and slightly narrower;

microsculpture granulose. Elytron (Fig. 26) except for middle 0.33 of interval 9 densely squamose; lateral macula large, ex-

tended to or slightly inside of stria 2, nearly regular, semilunar, orange, rimmed with broad, pale scales; scales small and slender

except for some marginal scales, rim of macula, and nearly circular scales of strial punctures; strial punctures not surrounded

by glabrous spots, inconspicuous in apical 0.33; punctures fine, diameters near basal 0.33 of striae 5 and 6 less than width of

interval 5; interval 10 in middle 0.33 narrow, flat, stria 10 shallow; microsculpture granulose. Venter of thorax densely squamose;

lateral processes of mesosternum glabrous, microsculpture flattened and isodiametric to strigose; middle 0.33 of metepisternum

densely squamose; sides of metasternum densely squamose to margin. Abdomen (Fig. 7) with sternum 1 mesally concave and

with scattered erect setae in male, convex and with slender suberect scales in female, scales elsewhere dense and broad; sterna

2 - 4 with scales slender and subrecumbent except laterally where broad and recumbent, sterna 3 - 4 each with transverse band

of about 2 - 3 rows of punctures; sternum 5 convex apically in female and strongly biconvex in male, scales dense around margin,

broad laterally and slender mesally. Legs with dorsal margins of tibiae orange in some specimens, ventral pads of tarsi orange,

distal comb of tibia orange. Male genitalia with phallus (Fig. 51) broad, swollen subapically, apex (Fig. 56) narrowly rounded

and lipped; endophallus with large field of long spicules. Female genitalia with spermatheca (Fig. 105), ramus and nodulus

proximate; eighth sternite (Fig. 100) slender, stem with broad base, hyaline area vaguely acuminate basally, apical fringe of

setae sparse.

Measurements, female from Los Chorres: length, LE, 9.9 mm + LP, 3.4 mm = 13.3 mm. WPmax, 3.5 mm; WPbase,

3.4 mm; WE, 5.6 mm; LR; 0.49 mm -t- 1.24 mm = 1.73 mm; WRmin, 0.71 mm; WRmax, 0.93 mm; WFmin, 0.89 mm; WFmax,

2.13 mm; LA, 1.11 mm + 1.24 mm + 0.53 mm = 2.88 mm.

Material examined. - I examined 6 specimens from two nearby localities in El Salvador (Fig. 139).

EL SALVADOR. La Libertad: Los Chorres (5; BMNH, MNHP, USNM); Santa Tecla (1; USNM).

Etymological note. — This species is named for the type-locality.
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Natural history. - Nine specimens of R. stigma bear the same label data as do the 5 specimens

of R. chorrensis from Los Chorres; I therefore conclude that the/^. chorrensis specimens were

reared or extracted from fruits of Hyrnenaea courbaril, the only known host species for the

other Central American Rhinochenus species. In habits and behavior, R. chorrensis probably is

a geographic counterpart of R. transversalis or R. janzeni.

Geographic relationships. — This species is known to be sympatric only with R. stigma, but

R. transversalis may also occur in the area. The existence of this localized form in northern

Central America may reflect a Pleistocene refugial area associated with the highlands of Guat-

emala.

Phylogenetic relationships. —
I have no firm feelings about relationships of R. chorrensis

since I discovered no clear synapotypic features shared with any other species, but suspect it

is sister to the ancestor of R. janzeni and R. thrombithorax. Not only are geographic relation-

ships more reasonable for this association than for any other, but male genital features are

similar and the elytral maculae are similarly densely squamose in all three species.

12. Rhinochenus janzeni Whitehead, new species

Type-material. — Holotype; male labelled “CR. Puntarenas. Osa Penin. 12 Mar 72 D. Boucher”

and “ex Hyrnenaea courbaril pods CR. Osa; D. Janzen 12 Mar 1972”. Type-locality; Rincon,

Osa Peninsula, Puntarenas, Costa Rica. Type-depository: USNM, type # 73657. Allotype:

female, same label data as holotype (USNM). Paratypes: 18 specimens from various localities

in Costa Rica and Panama (BMNH, FMNH, MNHP, MZSP, USNM).

Taxonomic note. — Champion (1905) treated this species as 7^. stigma, variety a.

Diagnostic combination. — This species is distinctive in habitus and coloration. Among
Central American Rhinochenus, it is distinguished from R. transversalis by the glabrous meta-

sternal sulcus, from R. chorrensis by the black tibial comb, and from R. stigma by the large

semicircular, brick-red macula and generally orange elytral vestiture.

Description. - Length, pronotum + elytron, 12.8 -14.6 mm. Vestiture squamose; scales yellowbrown or orangebrown,

dark orange on elytral macula and most of pronotal disc, light tan in median vitta on pronotum, scutellum, elytral base, and

rim of macula. Head (Fig. 5) densely squamose from behind middle of rostrum laterally and from near base of rostrum dor-

sally. Rostrum with wide, flat, alutaceous median carina in basal 0.50, otherwise nearly uniformly punctate; microsculpture

flattened; second funicular segment about 0.5 as wide as long and slightly shorter than first funicular segment. Pronotum

(Fig. 25) subconical, transverse, slightly wider near middle than at base; LP/WP, 0.88 - 0.94; punctures coarse, near middle

of disc separated by average distances about 0.50 diameter of each; broad scales in ventropleural band, complete or nearly

complete median vitta, and broken basal Une, otherwise slender; microsculpture granulose. Elytron (Fig. 25) with macula

large, nearly regular, semilunar, extended to between striae 2 and 1, brick red, rimmed by pale yeUowbrown, scales nearly

as large as elsewhere on disc; scutellar area squamose; strial punctures each with broad scale, not surrounded by glabrous

spot, inconspicuous in apical 0.33; punctures fine, at basal 0.33 punctures of striae 5 and 6 much narrower than interval

5; interval 10 in middle 0.33 narrow, feebly to distinctly carinate anteriorly; microsculpture granulose. Venter of thorax

densely squamose; lateral processes of mesostemum glabrous, microsculpture strigose; middle 0.33 of metepisternum with 1-2

irregular, sparse rows of scales, microsculpture strigose; sides of metasternum sparsely squamose, margin granulose. Abdomen

(Fig. 8) with sternum 1 mesaUy concave and with erect setae in male and convex and with subrecumbent scales in female,

no apical marginal scales, scales generally slender; sterna 2-4 with scales slender, subrecumbent except laterally where pale,

broad, recumbent, sterna 3-4 each with median band of about 2-3 rows of punctures; sternum 5 convex apically in female,

biconvex apically in male, scales sparse except apically, setiform except laterally. Legs with ventral pads of tarsi orangebrown,

distal comb of tibia black. Male genitalia with phallus (Fig. 52) broad, swollen subapically, apex (Fig. 57) narrowly rounded

and lipped; endophallus with large field of long spines. Female genitalia with spermatheca (Fig. 106); eighth sternite (Fig. 101)

moderately broad, stem with base broad, hyaline area acuminate basally, apical fringe of setae sparse.

Measurements, holotype male: length, LE, 11.0 mm + EP, 3.5 mm - 14.5 mm; WPmax, 4.0 mm; WPbase, 3.8 mm; WE,

6.6 mm; LR, 0.44 mm + 1.42 mm 1.86 mm; WRmin, 0.80 mm; WRmax, 1.09 mm; WFmin, 0.98 mm; WFmax, 2.22 mm;

LA, 1.29 mm + 1.38 mm + 0.56 mm = 3.23 mm.

Material examined. - 1 examined 20 specimens from various localities in Costa Rica and western Panama (Fig. 139).

COSTA RICA (1; BMNH). Puntarenas: Rincon, Osa Peninsula (11; FMNH, MNHP, MZSP, USNM). San Jose; Pozo Azul

de Pirris (3; BMNH); Escazu (1; BMNH). PANAMA. Chiriqui: 96.8 - 99 mi. E Canoas, Rio Tole (4; USNM).

Etymological note. —
I name this attractive weevil for D. H. Janzen, with thanks.
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Natural history. — Specimens have been extracted from pods of Hymenaea courbaril in

January and March. According to Janzen (pers. comm.), one larva develops in each pod; the

larva bores between 2 adjacent seeds, and is capable of coexisting with individuals of R. stigma

in the same pod; and the adult can drill and escape through its own exit hole.

Geographic relationships. - This species is sympatric with R. stigma and R. transversalis,

and at Rincon all three species were found in one fruit crop. If Pleistocene refugial areas are

postulated to correspond to the South American refugia discussed by Vuilleumier (1971), then

R. janzeni probably is associated with a refugium in the Chiriqui area and widely disjunct from

its sister species, R. thrombithorax, associated with South Andean refugial areas. It may be

that the Central American forms of at least R. transversalis and perhaps also R. stigma shared

the same Chiriqui refuge. Curiously, the Osa Peninsula forms of both of the latter species are

chromatically differentiated from those elsewhere, whereas the Osa sample of R. janzeni is in-

distinguishable from those elsewhere. The implication of this might be that the slightly differ-

entiated Osa forms reflect a separate refugial area, one that harbored populations of R. stigma

and R. transversalis but not R. janzeni. Another anomalous distributional datum is that the

Biologia Centrali-Americana localities are in San Jose province, yet Janzen and associates have

not found evidence of R. janzeni there despite intensive search; this hiatus may be an artifact,

or may reflect ecological changes in the San Jose area wrought by human activity.

Phylogenetic relationships. — See discussion of R. thrombithorax, below.

13. Rhinochenus thrombithorax Whitehead, new species

Type-material. — Holotype: male labelled “16 IX 1965 Cachicoto HUANUCO, PERU 169

Coll. J. C. Hitchcock Jr.”. Type-locality: Cachicoto, Huanuco, Peru. Type-depository: USNM,
type #73658. Allotype: Eemale labelled “Rio Pachitea, Peru III. 27, 1969 J. Schunke L.”

and “on fruit” (H&AH). Paratypes: 4 specimens with label “Tournavista Rio Pachitea 27 Mar

1969 J. Schunke L. ” (H&AH, USNM).

Diagnostic combination. — Specimens of this species are distinguished from all other known

Rhinochenus by the strongly gibbous, transverse pronotum, and by the erect setae of abdominal

sterna 3-4.

Description. - Length, pronotum + elytron, 10.9 - 11.5 mm. Vestiture squamose, tan, dark orange in elytral macula, other-

wise concolorous; scales of abdomen except margins setiform, erect (male) or sterna 1-2 with dense pad of scales in mesal 0.33

(female). Head densely squamose from behind middle of rostrum. Rostrum strongly arched above antennal insertion, with fine

median carina in basal 0.50, densely punctate in basal 0.50 but otherwise nearly uniformly punctate and without conspicuous

impunctate area along midline; microsculpture flattened; second funicular segment about 0.40 as wide as long and about as

long as first funicular segment. Pronotum (Fig. 22) strongly gibbous, transverse, much wider near middle than at base; LP/WP,

0.84 - 0.90; punctures coarse and dense, near middle of disc separated by average distances equal to about 0.50 diameter of

each; broad scales in wide ventropleural band and narrow basal line, elsewhere narrow; microsculpture granulose. Elytron

(Fig. 22) with macula large, semilunar, extended to middle of interval 2, regular in outline, rimmed with large, pale scales, scales

of macula nearly as large as elsewhere on disc but dark orange; strial punctures each with broad scale, not surrounded by gla-

brous spot, inconspicuous in apical 0.33; punctures at basal 0.33 fine, punctures of striae 5 and 6 narrower than interval 5;

interval 10 in middle 0.33 narrow, flat, stria 10 shallow; microsculpture granulose. Venter of thorax densely squamose; lateral

processes of mesosternum glabrous, microsculpture granulose; middle 0.33 of metepisternum densely squamose except for

granulose margin. Abdomen with sternum 1 mesally concave and with erect setae in male, mesally convex and with dense pad

of recumbent scales in female, scales elsewhere broad and recumbent; sterna 2-4 with scales setiform and erect except laterally

where broad and recumbent in male, sternum 2 with dense pad of recumbent scales in female, sterna 3-4 each with transverse

band of about 2-3 rows of punctures; sternum 5 biconvex apically in male, convex apically in female, scales at base slender,

sparse, erect, recumbent on margin, broad laterally. Legs with ventral pads of tarsi tan, distal comb of tibia black. Male

genitalia with phallus (Fig. 53) broad, swollen subapically, apex (Fig. 68) narrowly rounded and lipped; endophallus with short

field of short, broad spicules. Female genitalia with spermatheca (Fig. 107); eighth sternite (Fig. 102) moderately broad, stem

with base broad, base of hyaline area acuminate, apical fringe of setae sparse.

Measurements, holotype male: length, LE, 8.4 mm + LP, 3. 1 mm =11.5 mm; WPmax, 3.7 mm; WPbase, 3.4 mm; WE, 5.2

mm; LR, 0.36 mm +1.11 mm = 1.47 mm; WRmin, 0.71 mm; WRmax, 0.84 mm; WFmin, 0.76 mm; WFmax, 1.91 mm; LA,

1.02 + 1.22 mm + 0.53 mm = 2.77 mm.
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Material examined. - I examined 6 specimens from Peru (Fig. 140).

PERU. Huanuco: Cachicoto (1; USNM); Rio Pachitea (5; H&AH, USNM).

Etymological note. — The epithet thrombithorax is derived from Greek, thrombos =

humped + thorax = breast, in allusion to the gibbous form of the pronotum.

Natural history. — Specimens were collected “on fruit” in March (Rio Pachitea), and in

September. The Rio Pachitea series was included in a series of R. stigma bearing identical

label data, thus the “fruit” was presumably that of Hymenaea courbaril. The 7^. thrombithorax

and R. stigma specimens are similar in size and maculation, thus possibly mimetic; but the

pronotal form of R. thrombithorax is distinctive, thus mimicry is unlikely.

Geographic relationships. - This species is sympatric and syntopic with at least R. stigma,

but apparently disjunctive with its sister species, R. janzeni. The known locality records

correspond readily to the Peruvian refugia discussed by Vuilleumier (1971).

Phylogenetic relationships. - This species is regarded as sister to R. janzeni, the only other

member of the stigma group having the transverse pronotum; this condition is presumed secon-

darily synapotypic. These two species are allopatric but may be considered as geographically

proximal, and are very similar in elytral pattern; in both, the macula is densely clothed with

comparatively large, dark scales rather than having reduced vestiture. ^

14. Rhinochenus caucensis Whitehead, new species

Type-material. — Holotype: male labelled “Cauca Valley Venezuela” and “Museum Paris ex

Coll. R. Oberthur”. Type-locality: not clear from label data, but probably Valle del Cauca,

Colombia (not Venezuela). Type-depository; MNHP. Allotype: female, same label data as

holotype (MNHP). Paratypes: 5 specimens with same label data as holotype, 2 specimens from

Colombia, and 1 specimen from Trinidad (IRSB, MNHP, USNM).

Diagnostic combination. - In vestiture pattern, with the elytral macula varied from absent

to present as a narrow, irregular, transverse band, specimens of this species resemble only the

northern South American forms of R. transversalis, but in addition to well marked genital

characteristics differ by lacking erect scales in the median metasternal sulcus.

Description. - Length, pronotum + elytron, 15.0 - 16.1 mm. Vestiture squamose, scales pale yellow or tan, concolorous.

Head densely squamose from behind middle of rostrum laterally and from near base of rostrum dorsally. Rostrum with

conspicuous median carina in basal 0.50, nearly uniformly punctate and without conspicuous impunctate area along midUne;

microsculpture flattened; second funicular segment about 0.5 - 0.6 as wide as long and about as long as first funicular segment.

Pronotum (Fig. 23-24) subconical, about as wide as long, slightly wider near middle than at base; LP/WP, 0.98 - 1.02; punctures

fine and dense, near middle of disc separated by average distances equal to or less than diameters of each; broad scales in complete

ventropleural band, short longitudinal paramedian rows basally, complete or interrupted transverse band at base, and along

midline anteriorly, scales otherwise slender; microsculpture granulose.

1. I recently received from Mr. Will Stubblebine, University of California-Santa Cruz, a single male of an undescribed form

closely related to R. janzeni and R. thrombithorax. It was collected from fruits oi Hymenaea intermedia Ducke by J. H.

Langenheim, from BRAZIL: Amazonas: Ducke Reserve, nr. Manaus, 17 May 1974, JHL no. 5803. This specimen keys to

R. janzeni but is smaller and paler, and its phallus has the form of that ofR janzeni but endophallic armature as in R. throm-

bithorax. Rather than describe it now I await additional material, as it and the 2 named forms may really be elements of a

single, complexly varied species. The sample also included 3 larvae, plus 1 pod ofH. intermedia with an exit hole and some

damaged seeds. The fruit of H. intermedia is normally one-seeded, otherwise morphologically similar to that of H. courbaril.

The bionomics of the weevil probably are similar to those of 7?. janzeni, in terms of the 1:1 ratio of fruit to larva, the 1 (or 2):

1 ratio of seed to larva, and the ability of the adult to escape from the fruit by drilling its own exit hole. However, 1 of the

seeds had multiple larval holes, and I therefore suspect that the larvae included in this sample are not conspecific with the adult.

This record is of particular interest in that it is the first reliable report of Rhinochenus from a species of Hymenaea other

than H. courbaril. This probably is because fruits of the other species are rarely collected. According to Langenheim (pers.

comm.) the Amazon Basin is the center of diversity oi Hymenaea, and//, courbaril is unusual in its tolerance for drier climates.

The Hylaea species are forest emergents; their fruits are thus extemely difficult to collect from the trees, and the fallen fruits

decompose so rapidly that they can rarely be found. Although Langenheim has found that chemical defenses are greatly

varied in Hymenaea, I suspect that many or all of the Hylaea species are attacked by Rhinochenus. Detailed, long-term studies

of these trees are underway, so that much useful, fresh information should accumulate in the near future; then, a useful re-

analysis will become possible.
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Elytron (Fig. 23-24) with macula variously represented by bare area at middle 0.33 of intervals 9-10 only, with additional

small bare spot on interval 4, or by complete or broken irregular transverse band extended as far as stria 1, rim of macula

not or feebly defined; scutellar area bare to near pronotal hind angles; strial punctures each with broad scale, not surrounded

by glabrous spot, inconspicuous in apical 0.33; punctures fine, near basal 0.33 of striae 5 and 6 narrower than interval 5;

interval 10 in middle 0.33 narrow, flat, stria 10 shaUow to deep; microsculpture granulose. Venter of thorax densely squamose;

lateral processes of mesosternum glabrous, microsculpture finely granulose to substrigose; middle 0.33 of metepisternum

densely squamose, microsculpture flattened and stretched; sides of metasternum densely squamose except for granulose margin.

Abdomen with visible sternum 1 mesally concave and with scattered erect setae in males, convex and without erect setae in

females, scales elsewhere moderately dense, slender mesally and broad laterally, with or without apical row of broad scales in

middle 0.33; sterna 2-4 with scales slender and subrecumbent except laterally where broad and recumbent, sterna 3-4 each

with transverse median band of about 2-4 rows of punctures; sternum 5 convex apically in female, biconvex apically in male,

scales moderately dense, setiform apically, broad laterally. Legs with ventral pads of tarsi yellow, distal comb of tibia black.

Male genitalia with phallus (Fig. 54) broad, apex (Fig. 62) narrowly rounded and lipped; endophallus with large field of long

spines. Female genitalia with spermatheca (Fig. 108-109); eighth sternite (Fig. 103-104) moderately broad, stem with base

broad, base of hyaline area not acuminate, apical fringe of setae sparse.

Measurements, holotype male: length, LE, 11.6 mm + LP, 4.2 mm = 15.8 mm; WPmax, 4. 1 mm; WPbase, 4.0 mm; WE,

6.9 mm; LR, 0.44 mm +1.60 mm = 2.04 mm; WRmin, 0.84 mm; WRmax, 1.16 mm; WFmin, 1.02 mm; WFmax, 2.36 mm;
LA, 1.46 mm + 1.42 mm + 0.53 mm = 3.42 mm.

Variation. — The Trinidad specimen, a female, differs from the Colombian specimens by

the proportionately shorter eighth sternite (Fig. 104) and by lacking discal elytral maculation

except for the bare lateral area, but otherwise differs in no conspicuous way except for being

less yellowish in color. This variation is probably geographic, but the elytral maculation is

nearly as reduced in some of the Colombian specimens.

Material, examined. -
I examined 10 specimens from northern South America (Fig. 140).

COLOMBIA (2; IRSB). Valle del Cauca (7; MNHP, USNM). TRINIDAD (1; USNM).

Etymological note. — This species is named for the type-locality, the Cauca Valley which,

presumably, is the Valle del Cauca of Colombia.

Geographic relationships. — Specimens of R. caucensis have not been collected in series with

oXhtr Rhinochenus

,

but probably the species is sympatric with several others; other species

known from Trinidad are R. transversalis, R. x-rubra, and R. stigma. The superficial appearance

of these beetles is similar to that of R. transversalis in northern South America, suggesting

that the two forms may form part of a mimetic or cryptic complex. Distributional data suggest

affinity with one or more of the northwestern South American Pleistocene forest refugia.

Phylogenetic relationships. —
I regard this species as sister to R. cinereopunctatus, distinguished

principally by having fine rather than coarse strial punctures. The allopatric distributions, simi-

larities in form and size, and similarities in genital characteristics such as broad phallus and

large spicules in endophallus suggest that these two species may share a common ancestry with

R. chorrensis, R. janzeni, and R. thrombithorax.

15. Rhinochenus cinereopunctatus Chevrolat

Rhinochenus cinereopunctatus Ch&wvo\ 2Lt 1871: 90; Fiedler 1951: 1110. Holotype: male(?)

labelled “Bahia Coll. Jekel”, “Bahia Dupont”, “Rhinochenus cinereopunctatus Chvt type

Bahia”, “Typus 1871”, “R. cinereopunctatus Chevt. typus!”. Type-locality: Bahia, Bahia,

Brazil. Type-depository: Societa Entomologica Italiana, Genova.

Taxonomic notes. — The holotype was examined by C. W. O’Brien; the head and prothorax

are missing, and the abdomen is hollowed out by dermestids. The elytral maculae are larger

than normal, probably due to abrasion.

Diagnostic combination. — Specimens of this species are distinguished from other members

of the stigma group by combination of coarsely punctate elytral striae, elytral macula not ex-

tended across elytra, and elytral vestiture dense, pale, macula either feebly defined or at least

with strial punctures set in conspicuous patches of large scales. In most specimens the elytral

macula is much less sharply defined than in specimens of other species except for specimens

Quaest. Ent., 1976, 12(2)
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Fig. 27-30. Rhinochenus spp., habitus: 21-2%, R. cinereopunctatus, Ilha do Bananal, Brazil, variation; 29, R. brevicollis;

30, R. pseudostigma, Santarem, Brazil, mimetic form.
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of the Calabozo form of R. brevicollis which are much smaller and have finely punctate

elytral striae.

Description. - Length, pronotum + elytron, 10.6 - 14.6 mm. Vestiture squamose, cinereous to pale yellow, concolorous

except in some specimens darker on elytral macula. Head densely squamose from behind middle of rostrum laterally and

from basal 0.25 of rostrum dorsally. Rostrum with conspicuous median carina in basal 0.50, nearly uniformly punctate and

without conspicuous impunctate area along midline; microsculpture flattened; second funicular segment about 0.6 as wide as long

and about as long as first funicular segment. Pronotum (Fig. 27-28) subconical, about as wide as long, slightly wider near middle

than at base; LP/WP, 0.97 - 1.02; punctures fine and dense, near middle of disc separated by average distances equal to or less

than diameter of each; broad scales in complete ventropleural band, generall also in complete basal band, elsewhere generally

narrower but conspicuous; microsculpture granulose. Elytron (Fig. 27-28) with macula vague to distinct, semilunar to slightly

oblique, generally somewhat irregular, with or without rim of broad pale scales, macula with scales variously barely narrower

than elsewhere and concolorous to conspicuously narrowed and darkened, strial punctures of macula with conspicuous pale

scales; scutellar area fully squamose; strial punctures each with broad scale, not surrounded by glabrous spot, inconspicuous

in apical 0.33; punctures coarse, near basal 0.33 of striae 5 and 6 as wide or wider than interval 5; interval 10 in middle 0.33

narrow, flat, not carinate, stria 10 shallow to deep; microsculpture granulose. Venter of thorax densely squamose; lateral processes

of mesosternum squamose, microsculpture granulose; middle 0.33 of metepisternum densely squamose, margins granulose.

Abdomen with visible sternum 1 mesally concave and with scattered erect setae in male, convex and without erect setae in

female, scales elsewhere dense and broad, without row of apical scales; sterna 2-4 with scales broad and recumbent laterally

and narrower and suberect mesally, sterna 3-4 each with transverse median band of about 2 rows of punctures; sternum 5

convex apicaUy in female, biconvex apically in male, scales dense, setiform apically, broad laterally. Legs with ventral pads of

tarsi yellow, distal comb of tibia black. Male genitalia with phallus (Fig. 58-59) broad, swollen subapically, apex (Fig. 63-64)

narrowly rounded and inconspicuously lipped; endophallus with large field of moderately large spicules. Female genitalia with

spermatheca (Fig. 116-118); eighth sternite (Fig. 110-111) with base of stem broad, hyaline area feebly acuminate basally,

apical setae sparse.

Measurements, male from Barra do TapLrape, Brazil: length, LE, 10.2 mm -i- LP, 3.8 mm = 14.0 mm; WPmax, 3.8 mm;

WPbase, 3.7 mm; WE, 6.1 mm; LR, 0.40 mm + 1.42 mm = 1.82 mm; WRmin, 0.76 mm; WRmax, 1.00 mm; WFmin, 0.87 mm;

WF’max, 2.18mm; LA, 1.36 mm 1.38 mm -i- 0.53 mm 2.37 mm.

Variation. - The elytral macula is vaguely defined in some specimens and sharply defined

in others, apparently as intrapopulational variation. The specimens from Chiquitos, Bolivia

are smaller than all Brazilian specimens except 1 from Bahia, but otherwise differ in no con-

spicuous way. One specimen in IRSB is tentatively considered this species (“Bresil”, “Coll.

Roelofs”, “albiliquatus Dj Braz”), but has the elytra largely denuded in the front 0.66.

Material examined. - I examined 108 specimens from various localities in Bohvia and Brazil, from the Amazon River

and southward (Fig. 140).

BOLIVIA. Santa Cruz: Chiquitos (5; MNHP). BRAZIL (5; BMNH, IRSB, MNHP, MZSP). Acre (1 ;
MZSP). Bahia: Bahia

(3; BMNH); Joazeiro (1; AMNH). Goias: Ilha do Bananal (3; USNM). Mato Grosso: Barra do Tapirape (70; FMNH, USNM);

Chapada dos Guimaraes (5; BMNH, CMPP); Campo Grande (3; AMNH); Rio Verde (2; UPCB); Sao Domingo (1; MZSP).

Para (5; MNHB): Santarem (2; CMPP). Santa Catarina: Pinhal (1; AMNH).

Natural history. — Specimens from Barra do Tapirape and Ilha do Bananal were in association

with fruits of “Jatoba” (Hymenaea sp., probably H. courbaril) and specimens from Bahia were

in seeds of Hymenaea eourbaril.

Geographie relationships. — This species is sympatric with all ot\\Qr Rhinochenus species

known from south of the Amazon River, and has been taken in series with all of them. Its

distribution is too great, and variation not known, to speculate about refugial relationships

other than to suggest that it probably is associated with one or more of the refugia to the south

of the Amazon River.

Phylogenetic relationships. — I regard this species and R. caucensis as sister species; see dis-

cussion of R. caucensis.

16. Rhinochenus brevicollis Chevrolat

Rhinochenus brevicollis Chevrolat 1871 : 91 ;
Fiedler 1951 : 1110. Holotype: female (?) labelled

“Para Coll. Jekel”, “Typus 1871”, “Rhinochenus brevicollis Jek Chev Para”, “Para Amaz

Slev”, “Jek 1 1”, “R. brevicollis Chevrol. typus!”. Type-locality; Para, Brazil, here restricted

to Santarem, Para, Brazil. Type-depository: Societa Entomologica Italiana, Genova.
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Taxonomic notes. — The holotype was examined by C. W. O’Brien; the hind legs are missing,,

and the metasternum, frons, and base of rostrum are concealed by mould.

Diagnostic combination. — Members of this species are smaller than those of any other

Rhinochenus species, occasional dwarf individuals excepted. Additional diagnostic features are

given in the key.

Description. — Length, pronotum + elytron, 7.2 - 9.7 mm. Vestiture squamose, scales cinereous to stramineous, in some

specimens paler around rim of elytral macula, in some darker on pronotum and elytral macula, otherwise concolorous. Head

densely squamose from behind middle of rostrum except along midline where bare nearly to base. Rostrum with distinct

median carina in basal 0.50, nearly uniformly densely punctate, microsculpture flattened; second funicular segment 0.6 - 0.7

as long as wide and about 0.8 - 0.9 length of first funicular segment. Pronotum (Fig. 29) subconical, about as long as wide,

wider near middle than at base; LP/WP, 0.98 - 1.02; punctures coarse and dense, near middle of disc separated by average

distances much less than diameters of each; broad pale scales in complete or broken ventro pleural band, in some specimens

in small divided prescutellar spot, scales elsewhere slender and darker; microsculpture granulose. Elytron (Fig. 29) with large,

transverse to nearly circular macula extended to between middle of interval 2 to middle of interval 1, macula tending to be

regular in outline if wide but irregular if narrow, with or without rim of pale scales; scutellar area bare in most specimens;

strial punctures each with broad, conspicuous scale, not surrounded by glabrous spot, inconspicuous in apical 0.33; punctures

fine, at basal 0.33 of striae 5 and 6 narrower than interval 5; interval 10 in middle 0.33 narrow, well-defined in some specimens

but not carinate; microsculpture granulose. Venter of thorax densely squamose; lateral processes of mesosternum glabrous,

microsculpture granulose; middle 0.33 of metepisternum with 1-2 irregular rows of scales, microsculpture flattened to granu-

lose; sides of metasternum sparsely squamose, microsculpture flattened to granulose. Abdomen with visible sternum 1 flattened

mesally, scales moderately dense and broad except in some specimens slender and subrecumbent mesally, without row of

apical marginal scales; sterna 2-4 with scales subrecumbent and slender or setiform except laterally where broader and recum-

bent, sterna 3-4 each with transverse median band of about 2 rows of punctures; sternum 5 with scales slender and subrecum-

bent except along lateral margins where relatively broader, scales densest and narrowest apically, apex in male flattened and

with scales in paramedian tufts, apex in female convex. Legs with ventral pads of tarsi yellow, distal comb of tibia black. Male

genitalia with phallus (Fig. 60) slender, apex (Fig. 65) narrowly and evenly rounded; endophallus with short field of small

spicules. Female genitalia with spermatheca (Fig. 120-122); eighth sternite (Fig. 112-113) narrow, stem with base broad,

hyaline area acuminate basally, apical setae sparse.

Measurements, male from Itu, Brazil: length, LE, 6.1 mm -i- LP, 2.1 mm = 8.2 mm; WPmax, 2.2 mm; WE, 3.9 mm; LR,

0.31 mm + 0.80 mm = 1.11 mm; WRmin, 0.49 mm; WRmax, 0.62 mm; WFmin, 0.55 mm; WFmax, 1.33 mm; LA, 0.76 mm
+ 0.84 mm + 0.38 mm = 1.98 mm.

Variation. — Specimens from the Brazilian states of Bahia, Santa Catarina, and Sao Paulo

tend to the wide, nearly circular elytral macula, whereas specimens from Goias, Minas Gerais,

and Para tend to have the macula narrower, more transverse, and irregular in outline. There

probably is some geographic variation in integumental coloration, but I lack sufficient material

for interpretation. Scales of the pronotum and elytral macula vary in size and color; specimens

from Calabozo, Venezuela are distinctive because the scales are relatively large and pale, the

pronotum and macula therefore pollinose in appearance.

Material examined. - I examined 42 specimens from Venezuela to Paraguay and southern Brazil (Fig. 141).

VENEZUELA. Bolivar: Mantecal (5; UCV, USNM). Guarico: Calabozo (6; UCV, USNM). BRAZIL (3; MNHB, USNM).

Bahia: Bahia (4; BMNH, MNHP, UPCB); Encruzdhada (1; CWOB); Joazeiro (2; AMNH). Goias: Goiania (1; FMNH). Mato

Grosso: Chapada dos Guimaraes (1; CMPP). Minas Gerais (1; MNHP): Belo Horizonte (2; BMNH). Para (1; BMNH): “Amazon”

(2; BMNH); Monte Alegre (3; BMNH, USNM); Santarem (5; BMNH, CMPP). Santa Catarina: Brusque (1; UPCB). Sao Paulo:

Itu (2; MZSP); Jundiai (1; USNM). PARAGUAY (1; BMNH).

Natural history. - Adults have been collected in February-April, July, and September-

December. The Goiania specimen is labelled “at light”, and is the only specimen of the genus

with label data indicating either flight or nocturnal activity.

Unlike other Rhinochenus for which host records are available, R. brevicollis appears to

feed exclusively on seeds of Copaifera rather than Hymenaea, but these 2 caesalpiniaceous

genera probably are closely related. The “Brazil” specimen in USNM was intercepted at Wash-

ington, D. C. “with Copaifera langsdorffii seed”, 1 of the Joazeiro specimens bears the label

''Copaifera'\ and the Paraguay specimen was “found in seeds of Copaifera langsdorffif \ I

obtained the following additional data from examination of Copaifera herbarium material in

the USNM: Copaifera martii Hayne (BRAZIL. Para: Monte Alegre, Igarape da Mulata, 26-IX-

1953, R. L. Froes no. 30382), 2 of ca. 10 fruits with exit holes, 1 with fragments of R. brevi-

collis', and C. trapezifolia Hayne (BRAZIL. Santa Catarina: Brusque, Mata do Hoffman, 20-X-1949,
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R. Klein, # 70), 1 fruit with exit hole - note that R. brevicollis is the only Rhinochenus

reported from this locality. It is possible that R. brevicollis attacks Hymenaea as well as

Copaifera since R. stigma and other //ymcnucu-feeding species from Bahia, Chapada, Joazeiro,

and Santarem bear similar label data, but these samples probably represent random rather

than host-associated collections.

Copaifera and Hymenaea are closely but probably not immediately related. Fruits of

Copaifera are small, single-seeded, thin-walled, at least partially dehiscent, and in at least some

species produce defensive resins. Thus, they differ from those of Hymenaea morphologically

but probably are similar biochemically. Because of the morphological differences, a different

fauna is to be expected; I found a species of Apion in fruits of 2 samples of Copaifera, whereas

noApion is known from Hymenaea. So far as known, R. brevicollis has a 1 seed/1 weevil relation-

ship, and exits through its own hole rather than awaiting pod dehiscence.

Geographic relationships. — This species apparently ranges through much of South America

and thus is sympatric though probably not syntopic with most or all other South American

Rhinochenus. The species is quite varied and populations perhaps are associated with various

of the Pleistocene refugia, but no such associations can be specified at this time. Except for

size, specimens of this species closely resemble specimens of some other species, notably some

forms of R. pseudostigma, and though apparently not associated with the same host plants may

still be involved in a mimetic or cryptic complex with them. Curiously, integumental color of

the host seed, at least in herbarium material, is much darker than is integumental color in most

samples of the weevil.

Phylogenetic relationships. - I regard R. brevicollis as sister to R. pseudostigma, because of

external and genital morphological resemblance; they are, however, sympatric and independently

varied. These 2 species are in turn related to R. stigma, as indicated by the narrow phallus and

the small spicules of the endophallus. Since R. stigma adults are incapable of emerging through

the thick pod wall of Hymenaea, the same may be true for R. pseudostigma and R. brevicollis -,

thus, R. brevicollis may be preadapted to feed on the thin-walled fruit of Copaifera.

17. Rhinochenus pseudostigma Whitehead, new species

Type-material - Holotype: male labelled “Faz. Taperinha prox. Santarem, PA 29 XII. 1967-

9.1.1968 Exp. Perm. Amaz.”. Type-locality: Fazenda Taperinha, Santarem, Para, Brazil. Type-

depository; MZSP. Allotype; female labelled “MUSEUM PARIS GUYANNE FRANCAISE
St-Jean du Maroni R. BENOIST 1914” and “Fruit de I’Hymenaea courbaril” (MNHP). Para-

types: 8 specimens from various localities in Brazil, Cayenne, and Guyana (CMPP, MNHP,

UPCB, USNM).

Diagnostic combination. — Adults of R. pseudostigma are best distinguished by character-

istics given in the key. In Cayenne and northern Brazil, specimens of R. stigma normally have

the mesosternal lobes squamose in addition to having much coarser strial punctures. The only

known specimen of R. mangabeirensis, in addition to its very different female eighth sternite,

differs by having a broad, impunctate, alutaceous area near the middle of the rostrum and by

having a fringe of posterior marginal scales on visible sternum 1 . Specimens of R. brevicollis

differ by being much smaller on average and by differences in form of male phallus, and

specimens from Cayenne andnorthern Brazil differ also by generally having the elytral macula

narrower, more transverse, and more irregular in outline.

Description. ~ Length, pronotum + elytron, 10.4 - 11.4 mm. Vestiture squamose, scales pale orange, darker scales on pro-

notum and elytral macula, otherwise concolorous. Head densely squamose from behind middle of rostrum. Rostrum with

fine median carina in basal 0.5, nearly uniformly punctate and without conspicuous impunctate area along midline, micro-

sculpture subgranulose; second funicular segment about 0.7 as wide as long and about as long as first funicular segment. Pro-

notum (Fig. 30) subconical, about as wide as long, slightly wider near middle than at base; LP/WP, 0.98 - 1.02; punctures

coarse and dense, near middle of disc separated by average distances equal to or less than diameter of each; broad scales in
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complete ventropleural band, some specimens with few broad prescutellar scales, scales otherwise slender; microsculpture

granulose. Elytron (Fig. 30) with large, nearly circular to transversely oval macula extended to middle of interval 2 or middle

of interval 1, macula with or without rim of broad pale scales, outline of macula regular; strial punctures each with conspicuous

broad scale, not surrounded by glabrous area, inconspicuous in apical 0.33; punctures fine, at basal 0.33 of striae 5 and 6

narrower than interval 5; interval 10 in middle 0.33 narrow, flat, well defined in most specimens; microsculpture granulose.

Venter of thorax densely squamose; lateral processes of mesosternum glabrous, with granulose microsculpture; middle 0.33

of metepisternum with about 1-2 irregular rows of scales, granulose; sides of metasternum densely squamose except for

granulose margin. Abdomen with visible sternum 1 concave mesally, without apical marginal scales, scales setiform and sub-

erect mesally, elsewhere scales slender, sparse, recumbent; sterna 2-4 with scales slender and subrecumbent except on lateral

margins where broad and recumbent, sterna 3-4 each with transverse median band of about 1-2 rows of punctures; sternum

5 with scales slender and subrecumbent except along lateral margins where broad and recumbent, dense apically, male with

apex flattened and scales most dense in paramedian tufts, female with apex more convex and scales most dense mesally. Legs

with ventral pads of tarsi yellow, distal comb of tibia black. Male genitalia with phallus (Fig. 61) slender; apex (Fig. 66-67)

narrowly rounded, lipped; endophallus with short field of small spicules. Female genitalia with spermatheca (Fig. 119);

eighth stemite (Fig. 114-115) narrow, stem with base broad, hyaline area acuminate basally, apical setae sparse.

Measurements, holotype male: length, LE, 7.6 mm -i-LP, 2.8 mm = 10.4 mm; WPmax, 2.8 mm; WE, 4.5 mm; LR, 0.30 mm
-I- 1.09 mm = 1.39 mm; WRmin, 0.62 mm; WRmax, 0.76 mm; WFmin, 0.67 mm; WFmax, 1.60 mm; LA, 1.04 mm -t- 1. 1

1

mm + 0.44 mm = 2.59 mm.

Variation. — Specimens from Santarem have the elytral macula more transverse, extended

to middle of interval 1, and with sharper color contrast. Specimens from Cayenne and Guyana

have the macula more circular, extended to about middle of interval 2, and with color darker.

Material examined. - I examined 10 specimens from Cayenne, Guyana, and northern Brazil (Fig. 141).

No locality (1; MNHP). BRAZIL. Para: Jacareacanga (1 ; UPCB); Santarem (2;CMPP, MZSP). CAYENNE (1;MNHP):

St. Jean du Maroni (1; MNHP); St. Laurent du Maroni (3; MNHP, USNM). GUYANA (1; CMPP).

V Etymological note. — The epithet pseudostigma is given in reference to the superficial

similarity of this species to sympatric forms of R. stigma.

Natural history. — The allotype bears a label indicating that the host plant is Hymenaea

courbaril. Specimens of R. amapensis and R. x-rubra from the Cayenne localities bear similar

label data and may have been associated with the same fruit crops. At Santarem, R. pseudo-

stigma is probably syntopic with R. klagesi, R. maculipes, R. cinereopunetatus, and R. stigma.

The Santarem form of R. pseudostigma is superficially extremely like specimens of R. klagesi,

suggesting that they form part of a mimetic complex.

Geographic relationships. — This species is sympatric and probably syntopic with all of the

above mentioned species and probably with several others in northern South America, and is

sympatric but probably not syntopic with R. brevieollis. The distribution of R. pseudostigma

corresponds to the Pleistocene refugium in the Guiana highlands.

Phylogenetic relationships. — This species is probably most closely related to R. brevieollis,

but is sympatric with that species, specimens are larger and are distinct in form of phallus, and

apparently not associated with the same host plant.

18. Rhinochenus stigma (Linnaeus)

Circulio stigma Linnaeus 1758: 382; Linnaeus 1764: 48; Linnaeus 1767: 612; Fabricius 1775:

137;Fabricius 1781: 174; Fabricius 1787:' 105; Olivier 1790: 504; Fabricius 1792: 426.

Rhynchaenus stigma, Fabricius 1801: 463;Illiger 1806: 242; Olivier 1807: 83. Cryptor-

hynchus stigma, Schonherr 1837: 63;Sch6nherr 1844: 3Q5. Rhinochenus stigma, Chevro-

lat 1871 : 89; Champion 1905: 537; Fiedler 1951: 1111. Type-material: not seen by me.

Type-locality: Cayenne, here restricted to Cayenne, Cayenne. Type-depository: Zoological

Institute, Uppsala, Sweden.

Curculio piger Fabricius 1798: 169; Fabricius 1801: 463 (placed in synonymy). Rhynehaenus

piger, Illiger 1806: 243. Cryptorhynehus piger, Schonherr 1837: 63 (returned to synonymy).

Rhinochenus piger, Chevrolat 1871: 90; Champion 1905: 537 (returned to synonymy).

Lectotype: here designated, female from Fabricius’ collection labelled “Typus . . . piger

F. 14.8.53 Kuschel”. Type-locality: Trinidad. Type-depository: Zoologisk Museum, Copenhagen.
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Fig. 31. Rhinochenus stigma, habitus.
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Rhynchaemis nota Illiger 1806: 2,43. Cryptorhynchus nota, Schonherr 1837: 63 (placed in

synonymy). Type-material: none seen by me. Type-locality: not known. Type-depository:

not known.

Rhinochenus sticticiis Lucas 1857: 71;Chevrolat 1871: 93;Fiedler 1951: 1109. Lectotype:

here designated, male labelled with disc (green above and with “7 47” below), “Cryptor-

hynchus sticticus, sp. n.”, “Chenorhinus (g.n.) sticticus, s. n.”, “MUSEUM PARIS BRESIL

MINAS-GERAES DE CASTELNAU 1847”, etc. Type-locality: Minas Gerais, Brazil. Type-

depository: MNHP. Paralectotypes: 3 with Minas Gerais label as above, and 4 with disc

reading “6 47” and “MUSEUM PARIS GOYAZ a CUYABA DE CASTELNAU 6-47”

(MNHP). NEW SYNONYMY.
Rhinochenus striatus Chevrolat 1871 : 88; Fiedler 1951 : 1113 (placed in synonymy). Lecto-

type: here designated, male (?) labelled “ex mus Lacord.” (green), “6 Striatus Chvr Bras

. .
.” (partly illegible), “var. 2 Champ”, etc. Type-locality: Brasilia”. Type-depository: RMSS.

Rhinochenus fimbriatus Chevrolat 1871: 88; Fiedler 1951 : 1113 (placed in synonymy). Lecto-

type: here designated, female labelled “Brasilia” (green), “TYPUS”, “Rhinochenus fimbria-

tus Chev.”, etc. Type-locality: “Brasilia”. Type-depository: RMSS.

Rhinochenus trilineatus Chevrolat 1871: 89; Fiedler 1951: 1 108. Holotype: male (?) labelled

“Amazzoni Coll. Jekel”, “Typus 1871”, “Rhinochenus trilineatus Chv. Amazoni”, “R.

trilineatus Chevt. typus!”. Type-locality: “Amazona”. Type-depository: Societa Entomologica

Italiana, Genova. NEW SYNONYMY.
Rhinochenus stenaspis Chevrolat 1871 : 90; Champion 1905: 537 (placed in synonymy). Lecto-

type: here designated, male labelled “Nova Grenada” (green), “TYPUS”, “p 90. Nov Gren”,

“Rhinochenus stenaspis Chevr.”, etc. Type-locality: “Nova-Granata”. Type-depository: RMSS.

Rhinochenus rougieri Chevrolat 1871: 93; Fiedler 1951: 1 109. Lectotype: here designated,

male labelled “TYPUS”, “Rougieri Chv. p. 92 Bahia”, “Rhinochenus rougieri Chev.”, etc.

Type-locality: Bahia, Bahia, Brazil. Type-depository: RMSS. NEW SYNONYMY.
Rhinochenus scutellaris Chevrolat 1880: cxiii; Fiedler 1951 : 1113 (placed in synonymy).

Lectotype: here designated, male labelled “TYPUS”, “Col . . . SF. Mollin” (partly illegible),

“Rhinochenus scutellaris Chev. ”, etc. Type-locality: “Brasilia”. Type-depository: RMSS.

Rhinochenus triangulifer Chevrolat 1880: cxiv; Fiedler 1951 : 1112 (placed in synonymy).

Lectotype: here designated, female labelled “de Gaulle”, “TYPUS”, “Rhinochenus triangulifer

Chev.”, etc. Type-locality: “Brasilia”. Type-depository: RMSS.

Taxonomic notes: - Champion (1905) did not distinguish the Central American species of

Rhinochenus, and only his last 2 varieties (5 and a) belong to R. stigma. These 2 varieties are

light and dark color phases that in Costa Rica occur in various proportions at different localities;

they do not merit formal recognition.

This species is extremely varied, as evidenced by the long synonymic list. Following are notes

on type-specimens of all described forms except R. nota, which I have not seen; these are ascribed

to geographic forms as discussed in the section on variation.

R. stigma: characteristic of specimens from area 3, Cayenne form. Type-material examined by

D. H. Janzen.

R. piger: characteristic of specimens from area 4, a transitional area. This form was described

from “Insula Trinidad Dom. Ryan. Mus. Dom. Lund.”. I examined 3 specimens from the

Zoologisk Museum, Copenhagen, including 1 from the S. & T. Lund collection and 2 from

Fabricius’ Kiel collection. Zimsen (1964) specified the Lund specimen as type but noted that

Kuschel had seen the Kiel specimens. The Lund specimen bears the labels “TYPE” and “Essi-

quibo. Smidt. Mus. S. & T. L. Piger. Fabr. Stigma Fabr.”. Although from the Lund collection

as specified in the original description, this specimen apparently cannot be an original specimen:

the locality label is not an original label, and both locality (Essequibo, Guyana) and collector
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(Smidt) are incorrect; moreover, the specimen is characteristic of specimens from area 1, the

Sao Paulo form-not of specimens from Trinidad. Neither of the Kiel specimens bears locality

data, but both are characteristic of the form in Trinidad. Thus, despite the presence of these

specimens in the Kiel collection rather than the Lund collection, I regard them as original type-

material and select the lectotype accordingly.

R. sticticus: characteristic of specimens from area 6, Mato Grosso form.

R. striatus: characteristic of specimens from area 1, Sao Paulo form. Of the 2 specimens

labelled '"striatus''’ in the Riksmuseum, one is a male labelled “TYPUS” (red), “Rhinochenus

striatus Chev.”, etc. This specimen does not match the original description of either the nomino-

typical form or of “Var. A”, and hence I think it is incorrectly labelled; it is an abraded specimen,

possibly conspecific with R. x-rubra rather than R. stigma based on comparison of male genitalia.

The specimen selected herein as lectotype agrees with the description of the nominotypical form,

and is from the Lacordaire collection to which Chevrolat had access at the time of his mono-

graph.

R. fimbriatus: characteristic of specimens from area 2, Bahia form.

R. trilineatus: characteristic of specimens from area 3, Cayenne form. The holotype was

examined by C. W. O’Brien; the head and prothorax are missing.

R. stenaspis: characteristic of specimens from area 3, Cayenne form, or perhaps transitional

to area 4.

R. rougieri: characteristic of specimens from area 6, Mato Grosso form. The lectotype is

badly mbbed. The type-locality is unquestionably incorrect. This form does occur in western

parts of the state of Bahia but not in the coastal areas. See also comments regarding the type-

locality of R. bahiensis, described in the same publication.

R. scutellaris: characteristic of specimens from area, 2, Bahia form.

R. triangulifer: characteristic of specimens from area 1, Sao Paulo form.

Diagnostic combination. — This is a notably varied species, best distinguished by a process

of elimination as in the key to species. Some geographic forms are distinguished from other

members of the stigma group by dark, mottled coloration, and others by having the strial

punctures of the posterior 0.33 of the elytra conspicuous and surrounded by glabrous spots.

Specimens from other areas are distinguished from most other members of the mangabeirensis

and stigma groups by having relatively coarse strial punctures, from specimens of R. cinereo-

punctatus by having the elytral macula sharply defined and lacking either pollinose appearance

or clusters of white scales in the strial punctures of the macula, and from specimens of R. x-

rubra by different elytral maculation.

Description. - Length, pronotum + elytron, 7.5 - 13.3 mm, normally over 10 mm. Dorsum rufocastaneous to rufopiceous,

elytron in some specimens piceous in apical 0.33 and along suture; venter rufous to rufopiceous. Vestiture squamose, pale

cinereous to flavous. Head (Fig. 4) densely squamose from behind middle of rostrum laterally and from basal 0.25 of rostrum

dorsally. Rostrum with fine or indistinct median carina in basal 0.50, most specimens with broad, flat, alutaceous area near

middle, punctation dense and more or less confused basally, microsculpture granulose or slightly flattened; second funicular

segment about 0.50 as wide as long and about as long as first funicular segment. Pronotum (Fig. 31-39) subconical in most

specimens but conical in some from southern Brazil, about as wide as long; LP/WP, 0.94 - 1.02; punctures coarse and dense,

near middle of disc separated by average distances equal to or less than diameter of each; broad scales variously present in

fine and interrupted basal border, caudolateral longitudinal lines, small anterolateral spot on each side, and broad ventropleural

border; microsculpture granulose, opaque in most specimens. Elytron (Fig. 31-39) with greatly varied vestiture pattern, middle

0.33 of intervals 9-10 sparsely squamose to nearly bare; lateral macula of varied size and shape, regular or irregular in outline,

rufous or brick red to piceous, with or without pale rim; disc elsewhere either with dense pale vestiture or dark and mottled;

scales small and slender, broader in rim and strial punctures in some forms, notably slender and sparse in macula in some forms;

strial punctures coarse, at basal 0.33 of striae 5 and 6 wider than interval 5, in apical 0.33 inconspicuous to conspicuous and

surrounded by glabrous areas or not; microsculpture granulose. Venter of thorax (Fig. 9) densely squamose; lateral processes

of mesosternum glabrous to squamose, microsculpture flattened to granulose; middle 0.33 of metepisternum with about 1-3

irregular rows of scales; sides of metasternum densely squamose except for granulose margin. Abdomen (Fig. 9) with sternum

1 with slender, subrecumbent or suberect scales near middle, elsewhere with moderately dense broad scales, no posterior

marginal scales; sternum 1 slightly more convex mesally in female than in male; sterna 2-4 with scales subsquamose to hairhke.
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Fig. 32-39. Rhinochenus stigma, chromatic variation: 32, Leopoldo de Bullioes, Brazil, area 1 or Sao Paulo form; 33, Sitio

Bananal, Brazil, area 1 or Sao Paulo form; 34, Paranapiacaba, Brazil, area 2 or Bahia form; 35, Bahia, Brazil, area 2 or Bahia

form; 36, Santarem, Brazil, area 3 or Santarem form; 37, Kalacoon, Guyana, area 4 or transitional form; 38, Villa Colon,

Costa Rica, area 5 or Central American form; 39, Chapada dos Guimaraes, Brazil, area 6 or Mato Grosso form.
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suberect, sterna 3-4 each with transverse median band of about 2-3 irregular rows of punctures; sternum 5 in male biconvex

with dense fine scales on convexities, in female with dense apical fine scales. Legs with ventral pads of tarsi pale to dark tan,

distal comb of tibia black or dark brown. Male genitalia with phallus (Fig. 69-73) normally slender; apex (Fig. 74-79) normally

broadly rounded and inconspicuously lipped, but variable; endophallus with short field of inconspicuous or small spicules.

Female genitalia with spermatheca (Fig. 123-125); eighth sternite (Fig. 126-136) narrow, stem with base normally narrow

except in some specimens from southern Brazil, hyaline area normally not acuminate basally, apical setae sparse.

Measurements, male of Central American form from Villa Colon, Costa Rica: length, LE, 8.5 mm + LP, 2.9 mm = 1 1.4 mm;
WPmax, 2.9 mm; WE, 5.0 mm; LR, 0.47 mm +1.21 mm = 1.68 mm; WRmin, 0.60 mm; WRmax, 0.87 mm; WFmin, 0.73 mm;
WEmax, 1.84 mm; LA, 1. 1 1 mm +1.20 mm + 0.5 1 mm = 2.82 mm.

Measurements, male of Mato Grosso form from llha do Bananal, Brazil: length, LE, 7.8 mm + LP, 2.8 mm = 10.6 mm;
WPmax, 3.0 mm; WE, 5.4 mm; LR, 0.44 mm + 1.18 mm = 1.62 mm; WRmin, 0.62 mm; WRmax, 0.82 mm; WFmin, 0.73 mm;
WFmax, 1.87 mm; LA, 1.02 mm + 1.16 mm + 0.44 mm = 2.52 mm.

Measurements, male of Cayenne form from Santarem, Brazil: length, LE, 7.8 mm + EP, 2.6 mm = 10.4 mm; WPmax, 2.8

mm; WPbase, 2.7 mm; WE, 4.9 mm; LR, 0.45 mm + 1.07 mm = 1.52 mm; WRmin, 0.58 mm; WRmax, 0.76 mm; WFmin,

0.69 mm; WFmax, 1.66 mm; LA, 0.92 mm + 1.07 mm + 0.44 mm = 2.43 mm.
Measurements, male of Cayenne form from Caqueta, Colombia, genital variant (Fig. 72): length, LE, 7.9 mm + LP, 2.8 mm

= 10.7 mm; WPmax, 2.9 mm; WPbase, 2.8 mm; WE, 4.9 mm; LR, 0.46 mm + 1.04 mm = 1.50 mm; WRmin, 0.60 mm; WRmax,

0.81 mm; WEmin, 0.67 mm; WFmax, 1.67 mm; LA, 0.93 mm + 1.09 mm + 0.47 mm = 2.49 mm.

Measurements, female of Sao Paulo form from Franca, Brazil: length, LE, 8.8 mm + EP, 3.0 mm = 11.8 mm; WPmax =

WPbase, 3.0 mm; WE, 5.4 mm; LR, 0.53 mm +1.10 mm = 1.63 mm; WRmin, 0.58 mm; WRmax, 0.84 mm; WFmin, 0.78 mm;

WFmax, 1.81 mm; LA, 0.98 mm + 1.13 mm + 0.44 mm = 2.55 mm.

Measurements, male of Sao Paulo form from Chiquitos, Bolivia, genital variant (Fig. 73): length, LE, 9.5 mm + LP, 3.2 mm
= 12.7 mm; WPmax = WPbase, 3.3 mm; WE, 5.6 mm; LR, 0.49 mm + 1.33 mm = 1.82 mm; WRmin, 0.67 mm; WRmax, 0.93

mm; WFmin, 0.84 mm; WFmax, 1.91 mm; LA, 0.98 mm +1.11 mm + 0.53 mm = 2.62 mm.

Variation. — Distribution patterns of major chromatic forms are mapped (Fig. 142), and

selected individuals of these forms are illustrated in semidiagrammatic form (Fig. 32-39). In

specimens from area 1 (Sao Paulo form), the elytron has sparse vestiture in the scutellar area,

a complete or narrowly interrupted transverse median band, and glabrous spots surrounding

strial punctures in the apical 0.33. Specimens from the southern part of area 2 (Bahia form)

have the bare scutellar area, most have the transverse band complete, and all lack glabrous

spots; specimens from the northern part of area 2 are varied and approach the more uniform

samples from area 3. All specimens from area 3 (Cayenne form) have the scutellar area squa-

mose and the transverse band interrupted, broadly so in most specimens. Specimens from

area 4 are varied, intermediate between specimens from areas 3 and 5; darker than specimens

from area 3, tending to have an irregular pattern. Specimens from areas 5 (Central American

form) and 6 (Mato Grosso form) are dark, with elytral pattern irregular and frequently mottled

with small white patches, and with pronotum tending to be basally trivittate; they are not

strongly differentiated from one another.

Some populations within areas 5 and 6 are differentiated in color. Thus, specimens from

peripheral localities in area 6, such as Rurrenabaque and Gorotire, are much paler than most

specimens from elsewhere in area 6, and most specimens from the Osa Peninsula in Costa Rica

are paler and less variegated than specimens from most other localities in Central America and

northwestern South America. The pale forms of area 6 are from northern and western peripheral

localities and thus proximal to and probably intergrade with forms in area 3. Samples from

Rincon, Osa Peninsula and the nearby (ca. 25 miles) Boruca locality are conspicuously differ-

entiated from one another. Differentiation of the Osa populations of R. stigma and R. trails-

versalis reflects a repetitive pattern of genetic isolation and geographic limitation in the Osa

and Chiriqui areas which has been discussed elsewhere (Kingsolver and Whitehead 1976). I

here suggest that this phenomenon reflects differentiation in Pleistocene refugial areas, with

distinct refugia on the Osa Peninsula and in the Chiriqui area.

The mesosternal lobe is glabrous in all or nearly all specimens from area 1 and the southern

part of area 2, in most from the northern part of area 2, in a few from area 3, and in none or

nearly none from areas 4 and 5. It is squamose in about 50% of specimens from most samples

from area 6, but among the pale, peripheral forms it is squamose in most specimens (e.g., in
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all 6 specimens from Gorotire and in 20 of 25 specimens from Rurrenabaque).

There is also some variation in both male and female genitalia. I examined the apex

of the phallus of more than 100 males and the entire phallus of more than 35, and the eighth

sternite of more than 35 females. In 1 exceptional specimen from Joazeiro, Bahia, Brazil the

phallus is atypically broad, with apex subacute and spicules of endophallus enlarged (Fig. 71,

79); in external features the specimen is indistinguishable from other specimens from Joazeiro,

thus implying that it is conspecific with them (if not, then mimetic!). In most other males,

the phallus is slender, parallel-sided, broadly rounded apically, and with spicules of endophallus

fine (Fig. 69-70); some individuals lack the preapical constriction, and 1 specimen was con-

stricted on 1 side only. Geographic exceptions are the following: specimens from the far

western part of area 3 are indistinguishable from other specimens from area 3 externally (ex-

cept that the female from “Ecuador” resembles specimens from the southern part of area 2),

but males (Borba, Caqueta, Rio Beni, and Rio Pachitea) have the phallus narrowly rounded

and more or less strongly lipped apically (Fig. 72); and the only male of the Sao Paulo form

known from within the range of the Mato Grosso form (Chiquitos) also has the phallus narrowly

rounded and lipped (Fig. 73). Variations in the female eighth sternite (Fig. 126-136) include

some specimens from southeastern Brazil (area 1 and southern part of area 2) with the base

broad (e.g.. Fig. 131, but intermediate conditions are also represented in series from that area),

and in 1 specimen from an unknown locality the base of the hyaline area is acuminate rather

than rounded.

In the area where forms 1 and 6 overlap, in the northern part of the Plata drainage basin,

only 2 or 3 specimens of the Sao Paulo form are represented (the location of “Organ Mt., M.

G.” is not known). Character displacement is suggested, as not only is the Sao Paulo form

here divergent in phallic structure but the specimens are at the extreme upper limit in body

size for R. stigma unlike the much smaller Mato Grosso form, and the elytral macula is largej*

than usual for the Sao Paulo form in added contrast to the Mato Grosso form.

Material examined. - I examined more than 725 specimens from southern Mexico to Panama and more than 828 specimens

of several chromatic forms from various localities in South America (Fig. 142). In the following list, localities from which

specimens are labelled as extracted or reared from fruits of Hymenaea courbaril are indicated by an asterisk. Some South

American specimens so marked may be from other species of Hymenaea: e.g., Rurrenabaque specimens are from “Paco bean”

(Hymenaea sp.), Ilha do Bananal specimens from “jatoba” {= H. courbaril ox H. stigmocarpa), and Santo Amaro specimens

from “jatahy” (variant spelling of “jatoba”).

MEXICO. Chiapas: Pacific slope of Cordillera. GUATEMALA. Sacatepequez: Capetillo. EL SALVADOR. La Libertad:

Los Chorres. NICARAGUA. Chontales. COSTA RICA. Alajuela: Atenas*; 3.5 mi. W Rio Prendas*; Guanacaste: Bagaces*;

7 km. N Canas*. Puntarenas: Boruca*; 9 mi. E. Esparta*; Monteverde Road (10 mi. N 24th Noviembre)*; Osa Peninsula

(Rincon)*; Surubres. San Jose: Ciruelas*; Pozo Azul: SabaniUa; San Jose*; Villa Colon*. PANAMA. Santa Cruz. Canal

Zone: Ancon*; Barro Colorado Island. Chiriqui: Chiriqui; Tole*. Panama: Panama. COLOMBIA. Caqueta: Morelia. VENEZUELA.

Aragua: El Limon. Bolivar: Suapure. Carabobo: Macapo*. TRINIDAD*. Morne Bleu. GUYANA. Georgetown; Kalacoon.

CAYENNE. Cayenne; GourdonvUle; Roches de Kourou. BRAZIL. Amapa: Serra do Navio. Amazonas: Borba; Hyutanahan;

Manaus. Bahia: Bahia*; Barra; Juazelro; Salobro. Espiritu Santo: Corrego do Ita; Espiritu Santo; Linhares. Goias: Ilha do

Bananal*; Jatai; Leopoldo de Bulhoes. Maranhao: Igarape Gurupa (50 km. E Caninde). Mato Grosso: Barra do Tapirape*;

Chapada dos Guimaraes;Guaicurus; Rio dos Mortes; Sao Domingos. Minas Gerais: Pedra Azul; Sahara; Vicosa. Para: Aldeia

Coraci (11 km. W Caninde); Gorotire; Obidos; Santarem. Rio de Janeiro: Anellas. Sao Paulo: Corumbatai; Franca; Ipiranga;

Mogi Guassu; Paranapiacaba; Santo Amaro*; Sao Paulo; Sertaozinho; Sitio Bananal (Guarulhos); Vera Cruz. Locality not

known: Diamantes; Organ Mt., M.G.; Tijuca. BOLIVIA. Beni: Rio Machupo; Rurrenabaque*. Santa Cruz: Chiquitos. PERU.

Huanuco: Rio Pachitea. ECUADOR.

Natural history. — So far as presently known, larvae of R. stigma develop exclusively in

fruits of Hymenaea eourbaril, but in South America they may attack other Hymenaea species.

A published record from Copaifera langsdorffii most probably is based on the superficially

similar but smaller brevicollis. According to D. H. Janzen (pers. comm.), each seed may be

used by several larvae. Janzen names this species the “non-holedriller”, since the adult is in-

capable of producing its own exit hole and accordingly depends on external agents such as

rodents or deer to open the pods. Consequently, adults may be long-lived within the fruits;
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Janzen found a year-old fruit fall at Rincon to still contain living weevils.

Most specimens from south of the equator were collected from September to December,

but as early as July and as late as February. Most specimens from north of the equator were

collected between February and May, but specimens were extracted from seeds as early as 8

January at Tole and as late as 1 7 July at Ancon, and specimens from Atenas were collected

in October. Specimens are rarely collected except in association with. Hymenaea fruits. Janzen

observes that adults are capable of flight but do not normally do so, and that they are not

collected at lights. My own field observations in Costa Rica indicate that when the pod is

cracked open, the weevils first play dead, and some time later run off.

Forms from areas 1-4 resemble in pattern other species in several groups, but I have observed

no precise match with sympatric forms of other species; thus I cannot predict whether mimicry

occurs or not, as this general color pattern (cf. Fig. 32-37) is considered cryptic and plesiotypic.

Forms from areas 5 and 6 are dark and mottled, unlike any othtr Rhinochenus, apparently

cryptic to match the discoloration of the fruit pulp caused by the habits of these weevils.

Geographic relationships. — The known range of R. stigma encompasses those of all other

Rhinochenus except, perhaps, in extreme southern Brazil; stigma is known to be sympatric

with most other species and probably is with all of them. It probably is syntopic with all of

the other species except R. brevicollis, which is known to attack Copaifera and may not attack

Hymenaea.

The pattern of variation may represent a slightly complicated circle of races, with overlap

occurring between the Sao Paulo and Mato Grosso forms (Fig. 142); but if a circle, then areas

5 and 6 must be continuous, yet the available evidence is that the intervening area is occupied

by the Cayenne form (with male genitalia modified), only. The geographic pattern indicates

the following genetic (gene flow) relationships: southern part of area 2 through northern part

of area 2 to area 3, continuous; area 3 through narrow hybrid zone of area 4 to area 5, con-

tinuous; northeastern part of area 3 to extreme western part of area 3, probably continuous

but in need of additional study; area 3 to area 6, probably continuous, but intermediate areas

need to be sampled; area 5 to area 6, possibly continuous but no evidence available (if so,

then Cayenne form is sympatric in extreme west); area 1 to area 2, apparently parapatric in

south but probably with limited gene flow at least in north (evidence: broadened range of

variation in female eighth sternite in area 1 and southern part of area 2; approximation in

elytral maculation in same areas; mesosternal processes bare in both areas; etc.); and area 1

to area 6, probably reproductively isolated (evidence: sympatric in Plata drainage, with character

displacement in male phallus, body size, elytral maculation).

Sympatry and character displacement: where this is known to occur, in the Plata drainage

between the Sao Paulo and Mato Grosso forms, and where it is suspected, along the eastern

front of the Andes between the Cayenne and Central American-Mato Grosso forms, reproductive

isolation must have taken place; yet the overall picture suggests that there is reproductive con-

tinuity over the range of R. stigma as a whole. The evidence for sympatry and character dis-

placement for the Cayenne and Central American-Mato Grosso forms is two-fold: the apotypic

coloration of the Central American and Mato Grosso forms, and the atypical male phallus of

the Cayenne form; the hypothesis needs verification.

Speciation: it is possible that full reproductive isolation has in fact been attained, and that

the Sao Paulo form is in fact a distinct species. Even though specimens from areas 1 and 2 are

constantly distinguishable, however, concordance between samples from area 1 and the southern

part of area 2 is unlikely to be coincidence, and I therefore regard them as conspecific. In the

northern part of the Plata drainage, the Sao Paulo and Mato Grosso forms are sympatric and

divergent, and obviously reproductively isolated. Here, curious events have occurred: not only

has character displacement occurred (on part of the Sao Paulo form), but the Sao Paulo form

Quaest. Ent., 1976, 12(2)
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is much scarcer than elsewhere in. its range; presumably there has been niche specialization,

and I suspect also that the Sao Paulo form has been largely displaced from this area.

Incomplete though the pattern is, and despite its complexity, it is neatly understood in

terms of the system of postulated Pleistocene forest refugia summarized by Vuilleumier (1971).

Thus, area 1 corresponds to the Mato Grosso de Goias refugium
;
area 2 may be either an ex-

tension of area 3, or may represent the Belem refugium; area 3 represents the Guyana refugium,

or perhaps a combination of this and one or more of the western refugia (not resolvable on

available material); area 4 is a hybrid zone; area 5 encompasses the Choco, Nechi, Catabumbo,

and Cordillera de la Costa refugia, which may have been a continuum; and area 6 corresponds

nicely with the Madeira-Tapajoz refugium, though perhaps continuous with the eastern Peru

refugia. If the refugial areas were small enough and of long enough duration, then the isolations

brought about during the latest glacial phase of the Pleistocene are probably sufficient to ac-

count for all observed variation. Area 2 populations, whether a separate refugial form (Bahia

form) or a spur of the Cayenne form (area 3), spread along coastal drainages of Brazil; they

presumably are continuous with area 3 populations, and probably with those populations of

area 1 that have spread into the coastal drainages (e.g., the Sahara, Minas Gerais locality). The

area 3 populations spread outward from the Guyana refugium along the northeastern coast of

South America and inland far up the Amazon basin, establishing contact and hybridizing with

the Central American form in Guyana and eastern Venezuela; probably hybridizing with the

Mato Grosso form along southern tributaries of the Amazon; and probably establishing secondary

contact with the Central American-Mato Grosso forms on the Upper Amazon and there under-

going character displacement. Area 5 populations probably originated from a series of refugia

in Central America and northwestern South America, spreading eastward to Trinidad and

northward to Mexico, hybridizing with area 3 populations in eastern Venezuela and Guyana,

perhaps linking with area 6 populations southward along the Andes, and perhaps in secondary

contact with westernmost area 3 populations. The refugial area for area 6 may have been

drained by southern tributaries of the Amazon or by upper parts of the Plata, or both; regard-

less, the Mato Grosso form has expanded its range in all directions to include as well the Upper

Amazon and coastal drainages of northeastern Brazil (e.g., Barra), and secondary contact has

been established with areas 1, 2, 3, and perhaps 5. Hybridization is suspected for the Mato

Grosso form with the Bahia form and eastern Cayenne form, sympatry is known with the

Sao Paulo form and suspected with the western Cayenne form, and hybridization is postulated

with the Central American form. The Sao Paulo form (area 1) is parapatric with the Bahia form

at least in the south and is sympatric with the Mato Grosso form in the west: its postulated

history is refuge in the Mato Grosso de Goias (i.e., Plata) refugium, with subsequent expansion;

parapatry with the Bahia form in the south, maintained by mountain barriers, but probable

hybridization in the north where the Sao Paulo form expanded to a coastal drainage basin;

and physical, ecological, and morphological displacement in the west following penetration

of its range by the Mato Grosso form.

Phylogenetic relationships. - The elytral maculation (of the plesiotypic Cayenne and Bahia

forms), slender phallus, and fine endophallus spicules indicate relationships with R. brevicollis

and R. pseudostigma. Similarity of the other 2 species with one another, coupled with the

coarsely punctate elytral striae of R. stigma, suggest that R. stigma is sister to the ancestor

ofi^. brevicollis and pseudostigma.
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Fig. 40-44. Rhinochenus spp., phallus ventral aspect: 40, R. fiedleh', 41, R. klagesi; 42, R. maculipes; 43, R. transversalis;

44, R. chevrolati. Fig. 45-49. Rhinochenus spp., phallus apex, dorsal aspect: 45, R. reichei; 46, R. maculipes\ 47, R. trans-

versalis-, 48, R. klagesi', 49, R. chevrolati.

Quaest. Ent., 1976, 12(2)
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Fig. 50-54. Rhinochenus spp., phallus, ventral aspect: 50, R. x-rubra- 51, R. chorrenm; 52, R. janzeni; 53, R. thrombithorax;
54, R. caucensis. Fig. 55-57, Rhinochenus spp., phallus apex, dorsal aspect: 55, R. x-rubra; 56, R. chorrensis; 57, R. janzeni.
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Fig. 58-61. Rhinochenus spp., phallus, ventral aspect: 58, R. cinereopunctatus, Chiquitos, Bolivia; 59, same, Campo Grande,

Brazil; 60, R. brevicollis, Mantecal, Venezuela; 61, i?. pseudostigma, St. Laurent, Cayenne. Fig. 62-68, Rhinochenus spp.,

phallus apex, dorsal aspect: 62, R. caucensis; 63, R. cinereopunctatus, Chiquitos, Bolivia; 64, same, Campo Grande, Brazil;

65, R. brevicollis, Mantecal, Venezuela; 66, R. pseudostigma, Santarem, Brazil; 67, same, St. Laurent, Cayenne; 68, R.

thrombithorax.

Quaest. Ent., 1976, 12(2)
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Fig. 69-73. Rhinochenus stigma, phallus, ventral aspect: 69, Santarem, Brazil; 70, Bahia, Brazil; 71, Joazeiro, Brazil (aberration);

72, Caqueta, Colombia; 73, Chiquitos, Bolivia. Fig. 74-79. Rhinochenus stigma, phallus apex, dorsal aspect: 74, Santarem,

Brazil; 75, Bahia, Brazil; 76, Ilha do Bananal, Brazil; 77, Caqueta, Colombia; 78, Chiquitos, Bolivia; 79, Joazeiro, Brazil

(aberration).
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Fig. 80-85. Rhinochenus spp., female eighth sternite: 80, R. klagesi; 81, R. maculipes', 82, R. transversalis. Villa Colon, Costa

Rica; 83, same, Kourou, Cayenne; 84, same, Esparta, Costa Rica (aberration); 85, R. mangabeirensis. Fig. 86-89. Rhinochenus

spp., spermatheca: 86, R. klagesi; 87,/?. maculipes-, 88,/?. transversalis-, 89,/?. mangabeirensis.

Quaes t. Ent., 1976, 12(2)
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Fig. \ Rhinochenus spp., female eighth sternite: llO, R. cinereopunctatus, Campo Grande, Brazil, 111, same, Chiquitos,

Bolivia; 112, i?. brevicollis, Mantecal, Venezuela; 113, same, Jundiai, Brazil; 114,/?. pseudostigma, St. Laurent, Cayenne;

115, same, Santarem, Brazil. Fig. 116-125. Rhinochenus spp., spermatheca: 116,/?. cinereopunctatus, Acre, Brazil; 117, same,

Campo Grande, Brazil; 118, same, Chiquitos, Bolivia; 119,/?. pseudostigma

]

120,/?. brevicollis, Mantecal, Venezuela; 121,

same, Calabozo, Venezuela; 122, same, Jundiai, Brazil; 123, /?. stigma, Chiquitos, Bolivia; 124, same, Boruca, Costa Rica;

125, same. Organ Mountain, Brazil.

Quaest. Ent., 1976, 12(2)
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Fig. 126-136. Rhinochenus stigma, variation in female eighth sternite: 126, Chiquitos, Bolivia, area 1 or Sao Paulo form,

western variant; 127, locality unknown, variant of Sao Paulo form; 128, Organ Mountain, Brazil, Sao Paulo form, western

variant; 129, Sao Paulo, Brazil, Sao Paulo form; 130, Bahia, Brazil, area 2 or Bahia form; 131, Joazeiro, Brazil, Bahia form,

variant; 132, same, normal; 133, Santarem, Brazil, area 3 or Santarem form; 134, Georgetown, Guyana, area 4 or transitional

form; 135, Villa Colon, Costa Rica, area 5 or Central American form; 136, llha do Bananal, Brazil, area 6 or Mato Grosso form.
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Fig. 137-138. Rhinochenus spp., distribution records, arrows indicate imprecise or dubious records: 137, transversalis group
(inset has Central American records of R. transversalis)-, 138, hercules and reichei groups.
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Fig. 139-140. Rhinochenus spp., distribution records, arrows indicate imprecise or dubious records: 139, R. chorrensis and
R. janzeni', 140, R. mangabeirensis, R. x-nibra, R. thrombithorax, R. caucensis, and/?, cinereopunctatus.
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Fig. 141. Rhinochenus brevicollis and R. pseudostigma, distribution records.

Quaest. Ent., 1976, 12(2)
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Fig. 142. Rhinochenus stigma, distribution records in Central America (above) and South America (below; see text for
discussion of genital and chromatic variation.
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EVOLUTIONARY CONSIDERATIONS

In a previous study (Whitehead 1972) I explained at some length my philosophical and

procedural approaches concerning the “why” and “how” of evolutionary analyses. Eor addi-

tional discussion of theory and application, see Ball (1975). In this section I attempt to recon-

struct evolutionary pathways of Rhinochenus, briefly, and to develop a preliminary, general

synthesis of Middle American zoogeography with particular relation to cyclic Pleistocene

climatic events, at length.

The reconstructed phylogeny

To classify character states of the carabid gtmx?, Phloeoxena for phylogenetic analysis. Ball

(1975) used “ex-group”, “in-group”, and “group trend” comparisons. To use all 3 sets of

comparisons it is necessary to have intimate knowledge of related and peripheral taxa. As a

recent convert to weevil systematics, I lack such in-depth knowledge and therefore cannot

sucessfully make “ex-group” comparisons. Consequently my notations about apotypy and

plesiotypy for the basal dichotomy of the reconstructed phylogeny (Eig. 143) are based

exclusively on “in-group” and “group trend” comparisons.

Phylogenetic analysis of Rhinochenus is difficult because the species are similar and, I

believe, to a large extent relatively recently differentiated. The only major morphological

differences, in male genitalia and in external features, are those of the basal dichotomy.

Added to the pattern of overall morphological similarity are, on the one hand, extensive

variation, and on the other hand, cryptic or mimetic convergences. Thus, in the widespread

and greatly varied R. stigma, structural variation of the male genitalia greatly decreases relia-

bility of this organ for phylogenetic analysis, and in some geographic areas cryptic resemblance

to other species indicates convergences that becloud the classification of character states. More-

over, some species are known from one sex only, and in particular no males are known for the

hercules and mangabeirensis groups. As a result, I have not been able to detect synapotypic

states for all stem species, and have therefore resorted to chorological data to suggest likely

relationships in some parts of the reconstruction.

Weevil/host-plant associations also provide no useful phylogenetic clues. One species from

1 lineage of the stigma group {R. brevicollis) has apparently shifted from Hymenaea to Copaifera,

but its phylogenetic interest is limited to the potential for a future Copaifera/Rhinochenus

radiation similar in complexity to the Qxist'mg Hymenaea/Rhinochenus radiation; see discussions

of natural history and phylogenetic relationships of R. brevicollis.

The reconstructed phylogeny is illustrated in Fig. 143, with character states classified in

table 1 and refugial areas mapped in Fig. 150. An interpretive summary follows, below.

The transversalis group: this group is defined by metasternal and male genital characteristics,

arbitrarily treated as synapotypic. Its sister group lacks definition by stated synapotypy, but

is structurally homogeneous and exhibits “group trends” in various character states which

themselves suggest common ancestry. Within the transversalis group, R. fiedleri is unique among

Rhinochenus in having scattered punctations on sterna 3-4, and the other 3 species are syna-

potypic in having the rostrum impunctate medially basad to the frontal fovea. 1 suspect that

radiation of this group occurred during the Pleistocene.

The hercules and reichei groups; large body size and bare elytral base are synapotypic for

these groups (“in-group” comparisions), and the position of the antennal insertion defines their

sister lineage as monophyletic; also the pronotum of the sister lineage is proportionately narrow,

secondarily wide in some members of the stigma group. The reichei group is defined by synapo-

typic reduction of elytral vestiture, coarse strial punctures, and alternately raised elytral inter-

vals. The hercules group is defined by the basal placement of the antennal insertion; the male

Quaest. Ent., 1976, 12(2)
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Fig. 143. Reconstructed phylogeny of species of Rhinochenus, and occurrence in major refugial areas; see text and tables 1-2.
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Table 1. Characters and character states used for reconstructed phytogeny of Rhinochenus

(Fig. 143). States are classified as apotypic by “in-group” (*), “group-trend” (+),

or arbitrary (o) comparisons.

Character, plesiotypic state Apotypic state

Metasternum, median sulcus: glabrous

Phallus, apex: acpte, lipped

Endophallus, spicules: large

Antennal insertion: behind basal 0.33

of rostrum

Elytral vestiture: dense basally

Pronotum, proportions: transverse

Female eighth sternite, apical setae: dense

Abdominal sterna 3-4, punctures: in

transverse bands

Rostrum, vestiture in front of frontal

fovea: dense

Pronotum, form: subconical

Elytral intervals: regular

Head, vestiture: dense

Phallus, form: broad

Strial punctures: fine

1, with erect setae basally (o)

2, truncate (o); 2', arcuate, not lipped (*)

3, absent (o); 3', fine (*)

4, in front of basal 0.33 (+); 4', far behind

basal 0.33 (*)

5, bare basally (+); 5', reduced in basal 0.66

(+); 5", x-cruciate (*)

6, about as long as wide (*); 6', transverse (*)

7, sparse (*)

8, scattered (*)

9, bare (*)

10, conical (*)

1 1, alternately costate (*)

12, bare (*)

13, narrow (*)

14, coarse (*)

genitalia are unknown. These 2 groups are distinguished only for convenience; they obviously

are closely related and probably evolved into their vicarious component species during the

Pleistocene.

The mangabeirensis group: the only known specimen, a female, is not herein defined by

synapotypy; its sister group is defined as monophyletic by modification of the female eighth

sternite. The presence in northeastern Brazil of this species, of representatives of all other

major lineages, and of various divergent components of the stigma group suggests that this

area may have been an important proving ground ^OI Rhinochenus radiation.

stigma group: this group is defined as monophyletic by characteristics of the female

eighth sternite, notably by reduction of the apical setae to a single row fringe. Within the

group, analysis is exceedingly difficult, because of lack of morphological definition. The

position ofi?. x-nibra, notably, is dubious: this species is highly apotypic in pattern, plesio-

typic in other respects, and could alternatively be placed as another allopatric component of

the chorrensis-janzeni-thrombithorax-eaucensis-einereopunctatus complex— (1), as sister to

this complex; (2), as sister to caucensis-cinereopunctatus; or (3), as sister to R. cinereopunetatus.

These alternatives are not tempting: there is no morphological basis for (1) or (2); and for (3)

the only morphological basis is relatively coarse strial punctures, a less convincing basis for

relationship than the overall similarity of R. eaucensis and R. cinereopunetatus. If, alternatively,

R. x-rubra is considered related to brevicollis-pseudostigma-stigma, then all 4 species are sym-

patric and an explanation of geographic differentiation is made improbably complicated.

Suggested relationships of other components of the stigma group are the following: brevi-
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collis-pseudostigma-stigma share similarities in appearance, narrow male phallus, and fine spicules

in the endophallus; the other species have the plesiotypic broad phallus and coarser spicules,

and appear to be vicarious elements of a single lineage. In this latter lineage, janzeni-thrombi-

thorax are unequivocal sisters by virtue of secondarily broadened pronotum, and caucensis-

cinereopunctatus are probable sisters as judged by their common trend to uniformly pale

elytra. For additional considerations, see discussions of phylogenetic relationships for each

species.

Cryptic and mimetic patterns

In 1 exchange of letters with D. H. Janzen, I noted that there seemed to exist instances of

mimicry among distantly related species of Rhinochenus at some localities. In response, Janzen

pointed out that the coloration of Rhinochenus is probably cryptic, with the bare pronotum

and elytral maculae resembling the seed coat and the vestiture resembling interstitial pulp

of Hymenaea fruits. In the discussions of some of the species I have remarked briefly on

these matters. Here, I attempt to integrate these observations in a geographic context (Fig. 144-

149). In this summary, the term “standard color pattern” refers to the normal pattern of “bare”

(sparsely squamose, or with dark scales) pronotum and large, “bare” elytral macula contrasted

against a dense field of pale elytral vestiture. The generalized “standard” color pattern is

widespread among adult Rhinochenus, a roughly similar pattern recurring in all major phyletic

lineages and probably plesiotypic. Other color patterns are termed “non-standard”: (1) dark,

mottled; (2) pale, macula reduced to at most a narrow fascia; (3) elytra x-fasciate; or (4) elytra

glabrous in basal 0.66.

For background, some aspects of natural history require discussion. Adults of some “hole-

driller” species are capable of emerging from thQ Hymenaea fruits through their own exit holes—

R. transversalis and R. janzeni are known to do so-and perhaps most species have this ability.

Adults of other species—including at least the Central American and Cayenne forms of R. stigma-

are “non-holedrillers”, dependent on external agents such as agoutis, peccaries, or deer to chew

or break an opening in the pod wall.

At least 2 factors are critical for interpretation of cryptic patterns. First, for cryptic resem-

blance to seed and pulp to exist, the beetles must be subject to exposure against them as back-

ground. Such exposure obviously occurs with the non-holedrillers, but what of the holedrillers?

Field observations provide the answer: though the holedrillers are, as species, capable of

making their own exit holes, a conspicuous proportion of individuals do not use them. When

the pods are cracked open, the beetles initially tend to be thanatose (i.e., “play dead”) in an

adaptive response to avoid predation. Second, members of some species cause the fruit pulp

to discolor, and some do not. In Central America, fruits attacked by the non-holedrillers have

discolored (darkened and mottled) pulp, whereas the pulp of fruits attacked by the hole-

driller species R. janzeni and R. transversalis is not as discolored. The coloration and macula-

tion of adults of these 3 weevil species match these observations.

For the standard Batesian or Muellerian forms of mimicry to occur, distasteful or otherwise

noxious models must be known or postulated. The adult Rhinochenus is neither of these

(Janzen has subjected them to predator acceptability tests), nor is there any known model.

Yet, for 2 classes of reasons, I believe mimicry exists. First, certain “non-standard” color pat-

terns are shared by distantly related species in certain areas but are not known in any species

from other areas. Specifically, in northwestern South America (Fig. 145), R. caucensis and

R. transversalis adults agree in varying from an elytral maculation consisting of a complete,

narrow, irregular transverse band through a band broken into small spots to completely imma-

culate; these species are sympatric, and probably syntopic. Also, in southern South America

(Chapada, Brazil, Fig. 148), R. maculipes and the Mato Grosso form oi R. stigma are conver-
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Fig. 144-149. Rhinochenus spp., correlation of color pattern, possible mimicry, and behavior with geographic distribution:

144, Central America; 145, northwestern South America; 146, northeastern South America; 147, southeastern South America

148, southern South America; 149, western South America. Color pattern, inner ring: blank, “standard” pattern; stipple,

reduced maculae; line, reduced vestiture; hatch, mottled. Mimicry, middle ring: blank, no; hatch, yes. Behavior, outer ring:

blank, holedriller; stipple, non-holedriller; hatch, CopaZ/era- eating.

Quaest. Ent., 1976, 12(2)
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gent in dark, mottled appearance and may also be mimetic, though in this pair the geographic

correlation is weak (i.e., the Central American form of R. stigma also is dark and mottled; and

at Santarem, Brazil, R. maculipes is sympatric with the Cayenne form of R. stigma which is

wholly different in appearance). Second, where the “standard” pattern is represented it tends

to be represented by several species, and, more important, at certain localities 2 or more dis-

tantly related species may be virtually precisely matched superficially. The most notable ex-

example is at Santarem (cf. Fig. 146), where (1) the “standard”pattern is represented by at

least klagesi, R. brevicollis, R. pseudostigma, R. stigma, and 7^. cinereopunctatus, and (2)

R. klagesi and R. pseudostigma form a precise match in size, form, color, and pattern. This

seems to be no evolutionary accident, because (1), pseudostigma is geographically varied,

and at other localities is not a precise match for the Santarem forms of R. klagesi or R. pseudo-

stigma (nothing is known of variation in R. klagesi)', (2), at Santarem, despite limited material,

it is clear that there isTittle varation in either species; (3), these 2 species are quite distantly

related, in fact are members of distantly related species groups; and (4), a member of still

another species group, R. mangabeirensis is also nearly a precise match— it is from a geogra-

phically proximal locality, and I suspect that all 3 species are sympatric. I do not think the

essentially precise match is plesiotypic, and cannot believe that it is coincidence. That is,

whereas the generalized, “standard” pattern probably is symplesiotypic or ancestral, its perfec-

tion into a precise match among biologically distinct populations at any given locality indicates

a special, local adaptation herein regarded as mimetic.

As a footnote to this general background, one which because of extremely limited data I

cannot investigate in depth at this time, I add the observation that there are other, unidenti-

fied cryptorhynch weevils which closely resemble some Rhinochenus in form, size, and color

pattern. One might expect such convergence, considering the marked diversity of tropical

American Cryptorhynchinae. But, this convergence does not appear to be mere coincidence:

these convergent forms are sympatric with the particular Rhinochenus that they most resemble,

such as the Bahia and Sao Paulo forms of R. stigma with the complete elytral fascia. Why? Is

this a further indication that mimetic complexes exist? Are these convergent weevils distasteful

and thus the models for such mimetic complexes? Or are they, alternatively, another component

of the Hymenaea fauna? I have no answers to these important questions.

With this background, I turn now to a more detailed analysis and synthesis. I do this in a

geographic context (Fig. 144-149) to emphasize the correlation of sympatry with the various

cryptic and mimetic patterns. I also attempt to suggest biological implications that may be

worthy of investigation. Specifically, the ability to emerge through exit holes is phylogenetically

primitive, and dependence on external agents is clearly a specialization. The Central American

form of R. stigma is a non-holedriller; it also is dark and mottled, in cryptic adaptation to dis-

coloration of fruit pulp. For purposes of this analysis, I suggest that these characteristics are

coordinate. Consequently, I consider?^, maculipes and the Central American and Mato Grosso

forms of R. stigma as non-holedrillers. I suspect also that R. pseudostigma as well as the other

forms of R. stigma are non-holedrillers that have not had sufficient evolutionary time to evolve

the appropriate cryptic response; the rationale for this premise stems from the phylogenetic

position of R. brevicollis, presumed to have evolved from a non-holedriller ancestor. These

matters need field investigation.

Central America, southern Mexico to Panama (Fig. 144). — This area, particularly Costa

Rica, is relatively well sampled. Four species are known to occur in Central America, 2

extending with various geographic forms into South America. Two, R. chorrensis and R. stigma,

are sympatric in the north, and 3, R. transversalis, R. janzeni, and R. stigma, are sympatric in

the south. All 4 are distinctive, thus no mimetic patterns exist. Three, R. chorrensis, R. janzeni,

and R. transversalis, have the “standard” color pattern; probably all 3 are holedrillers, causing
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little or no pulp discoloration. The Central American form of R. stigma has a dark, mottled

pattern, similar to that of the Mato Grosso form of R. stigma, this is a non-holedriller, with

cryptic coloration to match fruit pulp discoloration.

Northwestern South America, northern Colombia to Venezuela and Trinidad (Fig. 145). —

This area is poorly sampled, but does contain some obvious patterns. Species known are; R.

transversalis, transitional from the “standard” Central American form to the nearly immaculate

Cayenne form;i^. caucensis, convergent with the sympatric form of R. transversalis ,R. hercules

and/?, brevicollis, “standard” pattern; and/?, stigma, mottled Central American form. One

apparent mimetic system involves the sympatric and presumably syntopic R. caucensis and

/?. transversalis (cf. Fig. 19-20, 23-24). Probably, the only non-holedriller is/?, stigma, and

this probably is the only species causing pulp discoloration. Trinidad, eastern Venezuela, and

Guyana form a transitional area, represented also by forms characteristic of northeastern South

America and by transitional forms.

Northeastern South America, Guianas and northeastern Brazil to Amazon River (Fig. 146). ~

This area has been reasonably well sampled in general, but much more detailed investigation

is needed. Species known are: /?. fiedleri (“Brazil”), R. klagesi, R. amapensis, R. rnangabeirensis,

R. brevicollis, R. pseudostigma, and Cayenne form of/?, stigma, “standard” pattern;/?, x-rubra,

elytra x-fasciate; and /?. transversalis, elytra immaculate or nearly so. Along the Amazon River

occur also some forms here treated as parts of more southern faunas (/?. maculipes and /?. cin-

ereopunctatus); these are discussed under appropriate sections. None of the northeastern forms

are dark, and none, therefore, are cryptic for discolored fruit pulp. At least 5 are sympatric

along the Amazon River, have the “standard” pattern, and are quite similar in superficial

appearance (except that /?. brevicollis specimens are small). They ‘may represent, or form part

of, a mimetic complex. Nowhere else are so many similar forms congregated in the same area.

In particular, /?. klagesi, R. rnangabeirensis, and /?. pseudostigma (cf Fig. 12, 30)—members of

separate species groups—nearly precisely match one another in form, size, and color pattern;

I believe their resemblance must be mimetic.

Southeastern South America, Amazon River and coastal rivers to southern Brazil (Fig. 147). —

This region is reasonably well sampled. Species known are: /?. cinereopunctatus, R. brevicollis,

and Bahia form of /?. stigma, “standard” pattern; and /?. reichei, elytra glabrous basally. These

are non-mimetic. Probably all except /?. stigma are holedrillers. The reduced vestiture pattern

of /?. reichei (and also of /?. chevrolati from the next geographic area) suggests either that the

interstitial pulp is darkened or that a larger proportion of the pulp is cleared away from the

seed coat.

Southern South America, southern tributaries ofAmazon River and northern tributaries

ofPlata River (Fig. 148). — This region is reasonably well sampled. Species known are: /?.

maculipes and Mato Grosso form of /?. stigma, dark, mottled; the sister species/?, chevrolati

and /?. reichei, see previous paragraph; and /?. cinereopunctatus, R. brevicollis, and Sao Paulo

form of /?. stigma, “standard” pattern. Possibly, /?. maculipes and the Mato Grosso form of

/?. stigma are mimetic; perhaps both are non-holedrillers causing pulp discoloration. Also, the

only Rhinochenus with conspicuous glabrous spots around the posterior strial punctures occur

in this area, all probably sympatric and syntopic; /?. reichei (and to a lesser degree /?. chevrolati),

R. maculipes, and the Sao Paulo form of /?. stigma.

Western South America, southern Colombia to Bolivia (Fig. 149). — This fauna is extremely

poorly known, and unquestionably is much more extensive than discussed here. The only un-

questioned components of this fauna are 2 forms with the “standard” pattern, /?. thrombi-

thorax and the “Cayenne” form of /?. stigma with pointed phallus. These are non-mimetic. In

Bolivia are 3 additional forms (/?. cinereopunctatus and the Mato Grosso and Sao Paulo forms

of /?. stigma), and these may be part of the overall fauna. In fact, I hypothesize that the Mato
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Grosso and/or Central American forms of R. stigma do (or did) occur throughout this area

to account for apparent character displacement in the male genitalia of western populations

of the Cayenne form; similar character displacement is evident in western populations of the

Sao Paulo form (Chiquitos, Bolivia) where sympatric with the Mato Grosso form.

Historical zoogeography of Rhinochenus

Vuilleumier (1971), in citing recent studies of birds and lizards stated that “
. . . many areas

of disjunction, hybridization, secondary sympatry, and introgression exist in the Amazon
Basin. Since these areas of secondary contact do not correspond to any modern, observable,

physical or ecological barriers, they must, therefore, be the result of historical causes”. She

agreed with the authors of those studies that Pleistocene events were responsible; specifically,

that the Amazon forest was repeatedly fragmented during dry periods, and that these forest

remnants served both as refugia and as foci for increased differentiation. Locations of the

principal postulated refugia are indicated in Fig. 150.

My observations on Rhinochenus .agree will with this general scenario. On the one hand are

the observations that (1), the beetles apparently are not highly vagile and do not outcross ex-

tensively, hence tend either to have relatively small geographic ranges or to be complexly varied

geographically; (2), morphological differentiation, especially within species groups, is slight;

and (3), biotic differentiation, in the sense that nearly all species are seed predators of Hymenaea

courbaril, is also slight. These observations all imply that radiation of Rhinochenus potentially,

at least, was rapid and recent. On the other hand is the correspondence of geographic data with

the postulated refugia: this correspondence, both for geographically limited species and for

broadly distributed but varied species, is imperative, and appropriate data are available for

most of them. Among the 16 South American species, 2 {R. hercules and R. fiedleri) lack

specific locality data, and 2 others {R. brevicollis and R. cinereopunctatus) are widely distri-

buted but too poorly represented for analysis of geographic variation. Otherwise, refugial rela-

tionships are generally either obvious, or readily inferred from phylogenetic relationships; only

for R. klagesi, known only from 1 site along the Amazon River—a suture zone between nor-

thern and southern refugia—are refugial relationships difficult to interpret. These refugial rela-

tionships are treated in the discussions of each species and summarized in table 2.

Three questions are immediately raised. First, is this observed correspondence a reflection

of real distributions, or is it an artifact of circular reasoning? I submit that the pattern is real,

subject to refinement and extension but not to radical change. Second, if the postulated refugia

apply to rain-forest animals, how do they apply to Rhinochenus which are more characteristic

of drier forests? The refugium hypothesis is that the forests were broken by open savannah; I

conclude that the dry forest refugia were peripheral to the wet forests, and areally limited.

Third, if cyclic Pleistocene weather conditions caused the pattern of cyclic forest refugia in

the Amazon Basin, then why not elsewhere? I assume that they did so; specifically, in Central

America I propose that there were 2 major refugial areas for tropical forests, 1 in the north

associated with the Guatemala highlands (particularly the high volcanos Tacana and Tajumulco)

and another in the south associated with the Costa Rica-Panama highlands (particularly the

Volcan de Chiriqui).

If the main refugial areas are those for wet forests, there is of course no reason why there

may not have been additional, secondary refugia for dry forests. I think there were. I recognize

no refugia for coastal Brazil, because no such action is compelled by my distributional data;

yet, 1 or more such refugia would be useful, particularly in explaining variation in R. stigma.

Among the postulated circum-Amazon refugia, the Guyana refugium stands out as anomalous;

I suspect that the dry forest components of this refugium were divided into northern and

southern sections, because (1) some Rhinochenus such as R. x-rubra and the Cayenne form of
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R. transversalis are known definitely only from areas north of this refugiiim, and more particularly

because (2) R. pseudostigma has geographically differentiated northern and southern components

derivative from this refugium. In Central America, I suspect that there was a dry forest refugium

on the Osa Peninsula which was at least partially isolated from the main Chiriqui refugium, be-

cause existing populations of 2 species {R. stigma and R. transversalis) are visibly differentiated

from nearby mainland populations.

How often were refugial systems in effect? Probably at least 4 times, correlated with each of

the major periods of Pleistocene glaciation. There may have been other refugial periods, corre-

lated with minor, glacial advances. Meggers (1975) believes that more recent, minor cycles have

played an important role in human cultural evolution in South America. Moreover, the severity

of dry phases probably varied greatly, and hence the refugia during some dry phases may have

been much more or much less developed than during others, and thus their effects on evolution

may have varied greatly. I will assume, for simplicity, that the postulated refugia existed during

4 successive periods, at equivalent intensities. These periods are hereafter termed “dry phases

1-4.”, and the intervals between them “interphases 1-3”.

With this general background I turn now to a consideration of historical zoogeography of

Rhinochenus. If species differentiation occurred during each successive refugial period, then

according to the reconstructed phytogeny (Fig. 143) we may suggest that the only material

diversification in Rhinochenus up to 1,000,000 years B. P. was the origin of the ancestors of

the transversalis, hercules + reichei, mangabeirensis, and stigma groups, with perhaps a pre-

liminary diversification of the latter into ancestral R. x-rubra and the progenitor of the rest

of the stigma group. If pre-Pleistocene environmental conditions were reasonably stable, this

early diversification may arbitrarily be assumed to have occurred much more gradually, to

correspond to the 3,000,000 year interval between dichotomies as suggested by Whitehead

(1972) for continental forms of speciation (Pleistocene radiation in Rhinochenus reflects an

islandic form of speciation related to forest fragmentation). Using this scheme, 1 suggest that

evolution of Rhinochenus may have occurred wholly within the last 1 5,000,000 years, or

since late Miocene. It is obvious that the Amazon Basin of South America was the cradle of

evolution of the genus. However, since all major (pre-Pleistocene) lineages are sympatric, it

is not possible to suggest any single particularly meaningful evolutionary zoogeography for them.

It is possible to discuss each major established lineage in terms of its subsequent zoogeogarphy,

however, since probable vicariance and dispersal patterns are evident. The mangabeirensis

and x-rubra lineages are monobasic, with no known or suspected Pleistocene diversification:

that they are essentially sympatric with one another and with components of the other lineages

not only makes any discussion of ancestral geographic relationships impractical but also sug-

gests that current known distributions do not adequately reflect the past. Here, I regard the

refugial relationships (Guyana refugium) as relictual rather than as evolutionary. But, it would

be reasonable to predict that related species will eventually be discovered, and that these will

clarify phylogenetic and zoogeographic relationships.

Of the 3 pluribasic lineages {transversalis, hercules + reichei, and stigma), the transversalis

lineage is the least readily interpreted in a geographic context because no useful geographic

data are available ^or R. fiedleri and because refugial relationships of A. klagesi are unclear.

Apparent mimetic associations of R. klagesi with some distantly related Guyana refugial ele-

ments suggest that modern R. klagesi is derived from the latest Guyana refugium. Phylogenetic

relationships, however, indicate that its origin is in a penultimate refugium, probably the

Madeira-Tapajoz. The species 7?. maculipes and R. transversalis are sisters and geographically

vicarious, probably having diverged during dry phase 4. Their ancestor was probably northern

(Guyana), as judged from the extensive distribution of R. transversalis: I suspect this ancestor

was the northern vicar of ancestral R. klagesi. I suspect that this ancestor became widespread

during interphase 3, then in dry phase 4 had its distribution fragmented into several refugia in

Quaest. Ent., 1976, 12(2)
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Fig. 150, principal Pleistocene refugia in tropical South America, adapted from VuLlleumier (1971). Central American refugia

are (1) nuclear and (2) southern Central America; see text and table 2.



Classification and Evolution of Rhinochenus 189

Table 2. Refugial relationships of species and geographic forms of Rhinochenus '. compare with

Fig. 150 for locations of South American refugia. Key: *
,
principal refuge; + ,

addi-

tional distribution, or transitional; ?, uncertain localities, or peripheral; o, absent.

Taxon Refugium

—Central America— —South America-

nuclear southern 3 4 5 6 7 8 9 10

R. fiedleri 0 0 0 0 ? 9 ? 9 0 0

R. klagesi o 0 0 0 *9 0 *7 o 0 o

R. maculipes 0 o 0 0 + 0 * 0 o 0

R. tmnsversalis:

Central American o * o 0 o 0 o o o 0

transitional 0 0 + * o 0 0 o 0 0

Cayenne 0 0 0 0 * 9 ? 0 0 0

R. amapensis o o o o * o o 0 o 0

R. hercules 0 o 9 0 0 o 0 o o 9

R. reichei 0 0 o 0 o 0 -1- * 0 0

R. chevrolati o o o 0 0 o * 0 0 o

R. mangabeirensis o o 0 0 * 9 0 o 0 0

R. x-rubra o o o -h
* 0 0 o o o

R. chorrensis * 0 0 0 o 0 o o o 0

R. janzeni 0 * 0 o o o o o o 0

R. thrombithorax 0 o o 0 0 0 0 0 * 0

R. caucensis 0 0 *
-f- o 0 o 0 o o

R. cinereopunctatus 0 o o 0 0 -h -1- -h -h 0

R. brevicollis 0 o 0 + -h -h + -1- o 0

R. pseudostigma 0 0 o o * 0 0 o o 0

R. stigma'.

Sao Paulo o 0 0 0 0 0 -1- *
-h o

Bahia o o 0 0 o * o 9 0 0

Cayenne o 0 o 0 *
-i- o o -h -h

transitional 0 o 0 + -1- 0 0 0 o 0

Central American * * * * 0 o 0 0 o 0

Mato Grosso 0 o 0 0 0 0 *
-H -1- 9

Central America and northern South America {R. tmnsversalis) and in southern South America

(R. maculipes).

The hercules + reichei lineage includes 4 essentially allopatric elements, and as indicated in

the phylogeny only 2 successive refugial periods are needed to account for their evolution. I

suspect the 2 species groups are older than thus indicated, because of the degree of differentiation,

but lack of geographic complexity may be a contraindication. Regardless, the evolutionary zoo-

geography is simple and obvious: an originally widespread common ancestor differentiated during

a penultimate dry phase into northern {hercules-amapensis) and southern (chevrolati-reichei)

ancestors, and these in turn differentiated into the extant taxa during dry phase 4.

The evolutionary history of the stigma group, reflecting the much greater diversity of this

group is more complex. During dry phase 1 was a probable split into northern {stigma) and
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southern (cinereopunctatus) lineages. Geographic relationships at this stage are speculative

because no vicarious patterns are apparent. However, the Guyana and Madiera-Tapajoz refugia

probably have been notably important in Rhinochenus speciation generally; thus, it seems

significant that the cinereopunctatus lineage appears to have no extant Guyana elements.

The 5 members of the cinereopunctatus lineage are allopatric, and vicarious relationships—

though admittedly not well documented-seem obvious. During interphase 1 ancestral cinereo-

punctatus became widespread in southern and western South America. The first vicariance

arose during dry phase 2, with ancestral chorrensis-janzeni-thrombithorax having crossed the

Andes and ancestral caucensis-cinereopunctatus remaining in the Amazon Basin. During inter-

phase 2, the former entered Central America, and during dry phase 3 differentiated into Central

American {R. chorrensis) and South American components; during interphase 3 the South

American ancestor expanded again into Central America and also back into the Amazon Basin,

to differentiate during dry phase 4 into R. janzeni and R. thrombithorax

,

respectively. Mean-

while, during either dry phase 3 or 4, ancestral caucensis-cinereopunctatus separated into

Orinoco {R. caucensis) and Amazon {R. cinereopunctatus) components.

In contrast, the 3 members of the stigma lineage are sympatric, and their evolutionary history

is therefore much less simply envisioned. Morphologically, R. brevicollis and R. pseudostigma

are very similar, yet their sister-relationship probably is not recent: both are geographically

variable as well as sympatric, and R. brevicollis is widespread and, so far as known, restricted

to a different host plant. Elsewhere, I have discussed variations in both R. pseudostigma and

R. stigma as reflections of isolation patterns during dry phase 4; thus, species differentiation

probably occurred no later than dry phase 3—indicating that the first dichotomies in the cinereo-

punctatus and stigma lineages were contemporary. During interphase 1 ,
ancestral stigma ex-

panded throughout much of the Amazon Basin, becoming sympatric with its sister (ancestral

cinereopunctatus). During dry phase 2, R. stigma differentiated from ancestral brevicollis-

pseudostigma\ the geographic vicariance probably involved the Guyana and Madeira-Tapajoz

refugia. During interphase 2, both R. stigma and ancestral brevicollis-pseudostigma redispersed.

During dry phase 3, the ranges of both ancestors fragmented, with no consequent development

of reproductive isolation in R. stigma but with R. pseudostigma in the Guyana refugium differ-

entiating from R. brevicollis in the Madeira-Tapajoz. During interphase 3, the already variable

R. stigma redispersed over much of South America, and during dry phase 4 emerged the begin-

nings of the complex pattern of variation, partial reproductive isolation, and character displace-

ment that is found at present.

This discussion may be oversimplified^, in that no detailed reference to host-plant associations

is yet possible. According to Langenheim et al. (1973) there are some 13 Neotropical species

of Hymenaea, yet only H. courbaril and//, intermedia^ are known definitely to be attacked

by Rhinochenus. Moreover, Langenheim et al. note some distributional anomalies, and no

doubt the distributional oscillations during the Pleistocene both modified and reinforced dis-

tribution and differentiation in Rhinochenus.

2. See footnote 1. The new form mentioned there is a mere hint of wonders yet awaiting discovery, particularly in upper

Amazon areas. If it is treated as a distinct species, then the logical, ordered, dichotomous system used here to describe diver-

sification of the ''cinereopunctatus lineage” requires an extra cycle of isolation and dispersal. If other undescribed forms are

discovered, they too will complicate the pattern described here; but the hypothesis will not suffer extreme damage unless the

reconstructed phytogeny itself is incorrect. Moreover, as implied in the discussion of isolation of geographic forms of R. stigma,

1 do not regard the dichotomous approach as vital to understanding geographic isolation (indeed, the new form, R. janzeni,

and R. thrombithorax may be geographic forms of 1 species). By logical extension, even if dichotomous species diversification

is assumed, there is no absolute reason to assume that there cannot be more than 1 dichotomy in a period of isolation. 1 do

so here, both for simplicity and as a probability statement. 1 wish only to emphasize the point that the overall pattern of

cyclic periods of isolation, differentiation, and redispersal is highly plausible and also is consistent with the refugial hypothesis.

3. See footnote 1 for the only authentic record of a species of Hymenaea other than H. courbaril as host for Rhinochenus.

Probably all records cited by Silva et al. (1968) pertain to H. courbaril.
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TOWARD A SYNTHESIS OE QUATERNARY ZOOGEOGRAPHY
EOR MIDDEE AMERICA

One reason why Godman and Salvin undertook their massive Biologia Centrali-Americana

project was to derive generalizations about the flora and fauna of this complex region. 1 here

undertake to make some generalizations about distributions; my examination of evolutionary

zoogeography of Rhinochenus introduced me to recent literature on Pleistocene refugia in

the Amazon Basin, providing insights for understanding Quaternary Middle American zoogeo-

graphy. Early and Eate Tertiary geologic histories of Central America, as currently understood,

have been summarized by Rosen (1975) and Ball (1975), respectively. Here, 1 shall be concerned

mainly with developing an initial synthesis of Quaternary zoogeography, to show how cyclic

Pleistocene events have affected various ecological components of the fauna. I will gradually

lead into this discussion, first by considering certain peripheral questions, and second by

comparing the results of certain systematic studies.

Patterns of species differentiation: continental and islandic

By these temis, I mean only to contrast species differentiation among widespread, highly

vagile species vs. areally limited (endemic) organisms. There is, naturally, a gradient between

the 2 general types of patterns, but as generalized patterns they clearly do exist. Obviously,

cyclic refugial systems have superimposed islandic differentiation patterns on the evolution

of continental biotas. Where, and how, can continental and islandic patterns be distinguished?

This is an important biogeographic question because on its answer depends the interpretation

of evolutionary rates and hence of the correlation of cladistic and historical events.

Obvious island-type situations are found where populations are disjunctive and differentiated;

on oceanic islands, in cave systems, on mountaintops, in desert springs. But extrinsic disjunctions

may be intrinsically overcome by high vagility. Thus, I suggested that the riparian carabid genus

Schizogenius enjoys a continental pattern (Whitehead 1972); there are no repetitive patterns

of endemism on any occupied drainage systems, and there also is no reason to think there were

cyclic alterations in these drainage patterns except in the extreme north. I suggested, as an

analytical tool rather than as a statement of fact, that one might use a regular 3,000,000 year

interval as the rate of speciation, i.e., the interval between dichotomies on the most developed

lineage. In contrast is the cloud forest carabid genus Cyrtolaus (see Whitehead and Ball 1975);

in this genus the pattern is clearly both islandic and cyclic, and speciation rates obviously were

greatly increased by cyclic events. Often, islandic and continental patterns may be intermixed;

the carabid gtnus, Evarthru

s

(cf. Ereitag 1969) may be an example, in view of the relatively

high degree of endemism-high, that is, compared to that in Schizogenius or Brachinus (cf.

Erwin 1970) but low compared to that of Cyrtolaus.

T. E. Erwin (pers. comm.) has begun a detailed comparison of the carabid faunas of 2 long-

term biological study areas; a temperate deciduous site in Maryland (Plummers Island) and a

tropical humid site in Panama (Barro Colorado Island). Both were intensively sampled in early

decades of this century during early phases of their status as preserves, and again in the last

several years. The faunas have altered as the sites have matured, in ways not yet fully documented,

but some points relevant to cyclic phenomena and islandic patterns can be made. The total

lists of carabid species known from these sites number about 200 and 250, respectively. The

faunas of the 2 sites are radically different in composition, in that the percentage of arboreal

forms is very low at Plummers Island but very high at Barro Colorado. But the terrestrial faunas

at each site are similar in diversity, each represented by a low species/genus ratio; in contrast,

the species/genus ratio of the arboreal component of the Barro Colorado fauna is high. What

predictions can be made from these observations? I predict that when the systematics of trop-
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ical lowland terrestrial carabids are examined critically, most will be found to have continental

patterns; in contrast, I predict that the arboreal faunas will be found to exhibit islandic patterns.

Are there reasons to support these predictions? I believe there are. The terrestrial forms

occupy diverse habitats but are, mostly, generalist predators. Those forms that are associated

with wetland habitats, e.g. streams and marshes (Schizogenius would be an example), probably

did not suffer radical Pleistocene disturbances. Many of those forms that are associated with

forest litter in tropical lowland forests differ in 1 respect from their temperate counterparts;

they are adapted to locate fermenting fruit and flower falls and thereby to locate Drosophila

larvae and other prey, and consequently have constantly changing, spotty local distributions.

Nevertheless, any forest stand large enough to insure a continuing food supply through the

active season is large enough to maintain populations of these species. Thus, these vagile species

tend to be widespread and hence probably suffered little from Pleistocene weather cycles:

populations probably were less strongly isolated during dry periods and hence less subject to

differentiation than were arboreal forms, and their periods of isolation more transient. In

contrast, much of the arboreal component of tropical carabid faunas is composed of higher

“Truncatipennes”, in which specialized, ectoparasitoid habits are known for some (Erwin,

pers. comm.) and probably involve most. With these, it is obvious that population levels and

geographic distributions are likely to be limited in general, that with their very particular

ecological requirements these species must be highly susceptible to environmental change,

and that, therefore. Pleistocene cycles must have led to islandic patterns of species differen-

tiation.

To return to the question of how to distinguish continental from islandic patterns, it is

obvious that each problem must be decided on its own merits. The matter is relatively simple

at higlier elevations, where dispersal barriers are obvious. At lower elevations, a suggested

rule of thumb would be that the more specialized or habitat-restricted the organism, the more

likely it is to be responsive or subject to cyclic changes, and therefore, the more likely that

islandic patterns of species differentiation have played their part. It is easy to think of excep-

tions; I refer to a generalized pattern, only.

Vulcanism vs. Pleistocene cycles

Kingsolver and Whitehead (1976) discussed a particularly sharp faunal transition in the

boundary region between Costa Rica and Panama as resulting from Pleistocene vulcanism in

the Chiriqui area. This discussion was based mainly on systematic treatments of various insect

groups done by me (Whitehead 1972, 1974) or jointly by J. M. Kingsolver and me (Kingsolver

and Whitehead 1974a, 1974b, 1976; Whitehead and Kingsolver 1975). Duellman (1970) found

a similarly sharp transition for hylid frogs in Pacific coastal lowlands, but in Atlantic coastal

lowlands found that the transition zone is more sharply developed in Nicaragua. Here, I suggest

that both vulcanism and Pleistocene refugia played important roles in the Chiriqui area during

the last 1,000,000 years.

Distributional limits of genera, subgenera, species groups, and perhaps species must have

been influenced by vulcanism, at least in the Pacific lowlands. Operational premises are that

the Panamanian seaway was closed ca. 3-5,000,000 years ago in the Darien area, that long-

term vulcanism occurred ca. 1,000,000 years ago in the Chiriqui area, and that faunal limits

correspond to the latter but not to the former. Regardless of refugial cycles, the only explana-

tion for the extremely sharp demarcation of faunal limits seems to be the postulated vulcanism

effect, i.e., a highly effective long-term dispersal barrier.

Some, or most, species limits may equally well, or better, be ascribed to refugial cycles,

though a detailed reanalysis is beyond the scope of my present intentions. But it is obvious

that to have interpreted variation patterns as related to vulcanism was superficial. The coreid

gQnus, Hypselonotus is a classic fit to refugial systems, and therefore worthy of a much more
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careful and thorough analysis than I was able to provide (Whitehead 1974). My point here is

that the Chiriqui forms-which I previously interpreted as just intermediates between trans-

Chiriqui elements— reflect clearly a Chiriqui Pleistocene refuge. The 2 strange, endemic forms

of the bruchid Caryedes bmsiliensis of the Osa Peninsula and the Chiriqui area (Kingsolver and

and Whitehead 1974b) may be derived from Osa and Chiriqui refugia, respectively, the strong-

holds of each only recently overrun by the widespread, standard form of C bmsiliensis. We
described a probable sequence of evolutionary events to account for the existence and distri-

bution of these forms; Pleistocene refugial cycles provide a mechanism. Thus, also, extant forms

of Central American Rhinochenus are herein interpreted as refugial derivatives: R. chorrensis,

TacanTTajumulco; A. stigma, Tacana-Tajumulco and Chiriqui, since rejoined, plus Osa, still

distinctive; R. janzeni, Chiriqui and/or Osa; and R. transversalis, Chiriqui and Osa, still distinc-

tive.

Some literature on tropical American refugia

Lindroth (1969), in an admirable discussion of boreal Pleistocene refugia, stated that their

biological importance was in preserving sensitive portions of the biota rather than in forming

centers of speciation. In contrast, hypothesized tropical Pleistocene refugia are thought to

have been dynamic centers of differentiation, a contrast to be expected because of the contrast

in environmental energetics. At this point, it seems desirable to note that there is a considerable

and expanding body of recent botanical and zoological literature on cyclic Pleistocene events

in South America, and even some for Central America. 1 will not here attempt to discuss the

biological significance of Pleistocene events in the South American highlands; see Simpson

(1975) for a cogent summary of Pleistocene colonization and differentiation in the high

tropical Andes.

Vuilleumier (1971) and Vanzolini ( 1973) summarized certain signal contributions on birds

(Haffer 1969) and anoles (Vanzolini and Williams 1970). The latter is especially rich, showing

that a tremendous amount of biogeographically significant data can be generated from careful

analysis of geographic variation of single species. Vanzolini and Williams made the point that the

major patterns of refugia postulated by them roughly approximate those proposed by Haffer.

Details differ, as could well be expected in these early phases of investigation. Prance (1973),

in a study of plant distribution patterns, and Meggers (1975) in a study of human cultural

distrubutions, again found basically storng support for the general outline of Pleistocene refugia

in the Amazon Basin but differences in detail. Additional references are given in the literature

cited by these authors.

B. B. Simpson allowed me to examine a copy of a manuscript by J. Haffer (1973) on

“Pleistocene changes in the avifauna of the Amazon Basin” . In this summary, based on studies

of several hundred bird species, Haffer designated 15 forest refugia for tropical America. Three

of these refugia are in Central America: 1 on the Atlantic slopes of the Chiapas-Guatemala

highlands, 1 on the Atlantic slopes of the Costa Rica-Panama highlands, and 1 on the Pacific

slopes in the Osa Peninsula area. These 3 refugia correspond well with those proposed by me:

Tacana-Tajumulco, Chiriqui, and Osa, respectively.

Duellman (1970) found that the humid lowlands of the Golfo Duke (Osa) region form a

southern barrier to dispersal of hylids from subhumid areas to the north. The Osa and Chiriqui

biotas are now continuous or nearly so, yet as indicated by distinctive forms of Rhinochenus

weevils must once have been disjunctive. A tentative explanation of these observations is

formulated by extrapolation from Simpson’s (1975) discussion of climatic changes of coastal

Peru: during glacial periods, Pacific coastal lowlands were drier than now, whereas uplands

were wetter than now. The Golfo Duke area was then, as now, moderated by the Chiriqui

uplands: hence, drier than npw but less so than elsewhere, and effectively isolated from the
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Chiriqui area by more arid areas.

Is there any other type of support for Central American refugia? Van der Hammen (1974)

summarized the evidence for climatic pulsations in northwestern South America, and by infer-

ence one must suppose that similar pulsations occurred in Central America. To date, palynolo-

gical evidence is lacking. B. Simpson (pers. comm.) indicates that there have been palynological

studies done in Costa Rica and Panama but that they do not corroborate suspected Pleistocene

forest fluctuations. Obviously, it is imperative to continue the search. The richly varied topo-

graphy of Central America compared to that of the Amazon Basin leads to the expectation of

a much higher level of overall complexity emerging when refugial systems are worked out in

detail.

Central American Coleoptera: some comparisons

Ball (1975) observed that the pattern of pre-Pleistocene dispersal of beetles from South

America to “nuclear Middle America”, and secondary radiation there, is extraordinarily common.

For examples among carabid beetles, see Ball (1975, Phloeoxena); Goulet (1974, Pelmatellus);

Noonan (1973, Notiobia, etc.); Whitehead (1972, Schizogenius)\ among bruchid beetles, see

Kingsolver and Whitehead (1976, Meibomeus) and Whitehead and Kingsolver (1975, Gibbo-

bnichiis). Two other major patterns are common: origin in North and/or nuclear Middle

America (Ekis 1976, clerid gQuus Perilypus', Erwin 1970, carabid genus Whitehead

and Ball 1975, carabid genus Cyrtolaus)
\
and recent dispersal from South America, with little

or no radiation in Middle America (Kingsolver and Whitehead 1974a and 1974b, bruchid

genera Ctenocolum and Caryedes
\
and this paper, Rhinochenus).

Can these analyses be compared in a way that will shed light on general zoogeographic patterns,

and can such comparisons be used to generate a useful set of hypotheses and predictions? To

explore these questions, I choose to define nuclear Middle America as the area lying between

the Isthmus of Tehuantepec and southern Nicaragua (including the Tacana-Tajumulco refugium)

and southern Middle America as including Costa Rica and Panama (including the Chiriqui and

Osa refugia). Distributions are examined, in the context of reconstructed phytogenies if possible,

primarily to note patterns of endemism and secondarily to note distributional limits correspon-

ding approximately to the boundary between these 2 areas. I examine first those patterns that

are relatively simple: those that can be classified readily as either low or high altitude patterns.

Then, I examine the more complex patterns, with an attempt to integrate them with the simpler

patterns.

The low altitude groups include the bruchids, weevils, and carabid genera Brack inns, Notiobia,

and Schizogeniiis', the data are incomplete, as for all except Rhinochenus the systematic accounts

apply particularly or exclusively to North and Central American species and as the Central

American species of the mhgQnm Notiobia were not investigated. These data are summarized

in Table 3, for Middle American taxa only. Part 1 lists 29 species of South American affinity:

1 2 South American species that extend to North America, 3 more to nuclear Middle America,

and 9 more to southern Middle America, plus 5 that are not known from South America but

have sisters there. Part 2 lists 14 species endemic to Middle America but with South American

affinity: Ctenocolum janzeni is treated here because its sister is a Middle American endemic;

of the other 13, 3 are endemic to nuclear Middle America and 9 to southern Middle America;

sister relationships suggest that Schizogenius sculp tilis is not a true endemic, and that some of

the southern forms extend into South America. Part 3 lists 28 species of North American

affinity: 3 that extend to South America, 1 1 more to southern Middle America, and 14 more

to nuclear Middle America. Part 4 lists 4 species endemic to Middle America but with North

American affinity: 2 occur in nuclear Middle America only, and 2 extend to southern Middle

America. The North American lineages thus express a simple subtraction pattern, north to south.
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Table 3. Low altitude beetles in Central America. Key; A-D, distribution of taxon in North

America, nuclear Middle America, southern Middle America, and South America,

respectively; E-H, distribution of sister group, same breakdown.

Part 1. South American lineages, widespread species.

Eamily Genus Species ABCDEEGH
Bruchidae Caryedes 1 species + + + + (southern)

Bruchidae Caryedes 2 species + + + - (southern)

Bruchidae Caryedes 1 species - + + + (southern)

Bruchidae Caryedes 6 species - - + + (southern)

Bruchidae Ctenocolum 3 species + + + + (southern)

Bruchidae Ctenocolurn 2 species + + + - (southern)

Bruchidae Gibbobmehus 1 species - - + + (southern)

Bruchidae Meibomeus 1 species + + + + (southern)

Bruchidae Meibomeus 1 species - + + + (southern)

Carabidae Schizogenius 1 species + + + + (southern)

Carabidae Schizogenius 1 species + + + - (southern)

Carabidae Schizogenius 1 species - - + + + +

Curculionidae Rhinochenus 1 species - + + + (southern)

Curculionidae Rhinochenus 1 species - - + + (southern)

Table 3. (continued). Part 2. South American lineages, endemic species.

Eamily Genus Species A B C D E F G H

Bruchidae Caryedes brasiliensis 11 - - + - - - + -

Bruchidae Caryedes brasiliensis III - - + - - - + -

Bruchidae Caryedes nevermanni - - + - - - 7 +

Bruchidae Caryedes limonensis - - + - - - - +

Bruchidae Caryedes godmani - - + - - - - +

Bruchidae Ctenocolum janzeni + + + - - + - -

Bruchidae Ctenocolum salvini - + - - + + + -

Bruchidae Ctenocolum biolleyi - - + - + + + +

Bruchidae Meibomeus panamensis - - + - - - - +

Carabidae Schizogenius sculp tilis - + - - - - - +

Carabidae Schizogenius optimus - + + - - - + +

Carabidae Schizogenius darlingtoni - - + - - - +

Curculionidae Rhinochenus chorrensis - + - - - - + +

Curculionidae Rhinochenus janzeni - - + - - - - +
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Table 3. (continued). Part 3. North American lineages, widespread species.

Family Genus Species A B C D E F G H

Bruchidae Gibbobniclius 1 species + -h + + (northern)

Bruchidae Gibbobruchus 1 species + -t-
-1- - (northern)

Bruchidae Gibbobniclius 2 species + -h - - (northern)

Bruchidae Meibomeus 4 species + + + - (northern)

Bruchidae Meibom CHS 2 species + + - - (northern)

Carabidae Aniso tarsus * 2 species -h + -f-
- (northern)

Carabidae Anisotarsus 1 species + -H - - (northern)

Carabidae Bracliinus 1 species + -r + -h (northern)

Carabidae Bracliinus 2 species -h + -t-
- (northern)

Carabidae Bracliinus 6 species -1- + - - (northern)

Carabidae Schizogenius 1 species -t- + + + (northern)

Carabidae Scliizogeniiis 2 species + + + - (northern)

Carabidae Schizogenius 3 species -t- + - - (northern)

Table 3. (concluded). Part 4. North American lineages, endemic species.

Family Genus Species ABCDEFGH
Bruchidae Meibomeus howdeni - -H + + _ _ .

Bruchidae Meibomeus viduiis - + + + -h -

Carabidae Schizogenius enideni - + + +

Carabidae Schizogenius n. sp. - + + . . .

* subgenus of Notiobia

with no clear indication of Middle American radiation or of Pleistocene refugial cycles. The

South American lineages also express a clear subtraction pattern, south to north, but Middle

American radiation probably resulting from Pleistocene cycles is indicated at least for the 2

forms of Caryedes bmsiliensis, for Ctenocolum janzeni and C salvini, and for Rhinochenus

chorrensis and R. janzeni. The subtraction patterns may have been influenced by Chiriqui

vulcanism, Pleistocene cycles, both, or neither. None of these lowland groups are highly

complex in distribution patterns in Middle America, but I predict that some other, specialist

groups will be found to have extremely complex patterns.

The overall plan of high altitude speciation is simple, because extrinsic and, frequently, in-

trinsic disjunctions are obvious; but interpretation is difficult because of the difficulty of ob-

taining sufficient data to make the plan apparent. Patterns of dispersal and isolation clearly

relate to Pleistocene cycles, but with dispersal phases corresponding to cool pluvial periods;

isolation phases such as exist at present reflect retraction of suitable habitat. The only high

altitude groups considered here are the carabid genera Cyrtolaus and Pelmatelliis. All Cyrto-

laus are wingless and thus of limited vagility. The subgenus Cyrtolaus is essentially endemic

to nuclear Middle America (1 Pleistocene derivative is known from Oaxaca): 3 in the Pacific

coastal highlands (including an undescribed form from Cerro Tres Picos in southwestern Chiapas),
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3 in the central highlands or Cuchiimatanes range, and 2 in highlands east of the Rio Chixoy.

I suggest that these 3 areas represent high altitude (“cloud forest”) refugia in nuclear Middle

America. PelmateUus have a more complex pattern: some are alate and some flightless, and

some are widespread and some localized. Insufficient material of the subgenus Thenarellus

was available for detailed geographic analysis; the group is endemic to Middle America, repre-

sented by apparently endemic forms in both nuclear and southern Middle America. Five species of

the more northern subgenus PelmateUus were reported from nuclear Middle America, including

a group of 3 related endemic species. With the substantial fresh material of PelmateUus now

available, a re-analysis is needed to confirm the notion that nuclear Middle America includes

3 major higli altitude refugia, to identify other major and secondary refugia, and to identify

major refugia in southern Middle America. Still better for those purposes would be an analysis

of some particularly large genus having large numbers of high altitude species—e.g., Platynus—

but I am not aware of any such analytic treatment currently available.

In contrast to the relatively simple, essentially wholly low or high altitude patterns, there

also are some highly intricate patterns. Here, trenchant data are largely lacking. Ekis (1976)

dealt with one such group, the clerid genus Perilypus, but unfortunately was unable to detail

relationships among the diverse and crucially important reventazon group. These are chiefly

mid-altitude beetles, and hence liable to be subject to components of Pleistocene cycles affecting

both high and low altitudes; thus, a pattern of moderate elevation endemism emerges, involving

not only major mountains but also minor peaks such as Cerro Campana and Cerro Azul in

Panama. Ball (1975) dealt with another complex group, Phloeoxena, in which an analogue of

the “taxon cycle” (Wilson 1959, 1961) has forced lowland forms into high altitude refugia.

Here, the picta group of Phloeoxena s. str. is instructive. The oldest element, the megalops

complex, is high-adapted, but inferred to have evolved from a low-adapted ancestor; the sub-

species of P. megalops are distributed, 1 in nuclear Middle America and 2 in southern Middle

America, in a way suggesting influence of the 2 latest Pleistocene cycles. Its sister group includes

the low altitude sister pair P. limbicollis and P. nigricollis plus the high altitude picta complex.

The 2 lowland forms are not disjunctive, but may represent a Tacana-Tajumulco element, P.

nigricollis, plus a Chiriqui element, P. limbicollis, with the latter having subsequently redispersed

into the range of the former. The picta complex includes 5 subspecies, distributed in a linear

pattern from the slopes of Mount Orizaba to Guatemala. Phylogenetic interpretations suggest

a Pleistocene pattern of dispersal and fragmentation: a source in the Tacana-Tajumulco area,

isolation across the Rio Chixoy, dispersal across the Isthmus of Tehuantepec, isolation into

trans-isthmian ancestors, and subsequent subdivision of each.

One pattern obviously missing from this discussion is that of a Middle American lowland

group with extensive radiation. I predict that this pattern does exist, and commonly; in the

discussion on arboreal carabids earlier— e.g., Agra, Calleida, Lebia— I made just this prediction,

and I here extend it to include specialist animals in general.

T. E. Erwin (pers. comm.) cites Middle American members of the carabid genus Loxandrus

as an example of still higher complexity-i.e., one combining extensive radiation with altitudinal

diversification-noting phylogenetic trends from wetlands to lowland forest and thence upward

to higher elevations, and even predicting eventual movement from forest floor to understory

to canopy. Other carabid genera, notably Platynus, represent all of these trends, and more.

Hence, clearly, causes of observed patterns of diversity and divergence other than isolation in

Quaternary refugia are important and common. G. E. Ball (pers. comm.) notes for example,

that the taxon, cycle provides a mechanism for altitudinal shift upward into zones with more

and stronger extrinsic barriers, thus enhancing the prospect of diversification independently

of refugia. It is not my purpose to explore such other causes of observed patterns here; my
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purpose is to emphasize the refugium hypothesis as a vehicle with the potential to unify

important blocks of biological data.

The synthesis

In summary, we come to a synthesis with the power to generate hypotheses and predictions.

The synthesis is that; (1) the Middle American fauna is comprised (a) of endemic ancestral

complexes, (b) old South American ancestral complexes, and (c) recent arrivals from North

and South America; (2) species differentiation patterns are (a) continental or (b) islandic;

(3) islandic patterns predominate (a) in high altitude faunas generally and (b) in low altitude

specialists; and (4) islandic patterns tend to reflect (a) Pleistocene climatic cycles and/or (b)

results of altitudinal shifts induced by the taxon cycle.

Without the power to generate hypotheses and predictions, this synthesis would be valueless.

Predictions? Specific predictions should be based on specific problems and derived from

generalized hypotheses. Thus, if Agra, for example, is a genus of specialists, with few species in

Mexico, many in Central America, and huge numbers in South America, I would predict that

(1 ) the Central American species derive mainly from a combination of South American ances-

tral complexes and recent arrivals, (2) species differentiation patterns are islandic, and (3) these

patterns reflect Pleistocene events. As a more concrete example, predictions that arise from

the hypothesis that there are 3 major high altitude refugia in nuclear Middle America currently

in isolation phase are (1) that a strongly developed pattern of endemism should exist but (2)

that since these areas are varied topographically there should be some sister pairs within each

refugium and (3) that since the current isolation phase is recent there should be some instances

of shared, undifferentiated taxa. Prediction (1) is exemplified by distributional data for Cyrto-

laus\ (2) by the vicarious pAr Phloeoxena picta franiae and P. p. unicolor in the Cuchumatanes-

central Chiapas highlands; and (3) by the presence of P. herculeano in both Pacific coastal high-

lands and central Chiapas-Cuchamatanes highlands. Such predictions as these may be devised

to test the following hypotheses: (1) that the patterns described herein will be found to be

repetitive; (2) that complex patterns, exhibiting island-type differentiation in a sense narrower

than the broad forest refugia alone, will be found to be a frequent phenomenon among both

low and mid altitude organisms; (3) that these complex patterns will have components of the

“taxon cycle” complications referred to above— e.g., the altitudinal displacement found in

some Phloeoxena\ and of course (4) that patterns will not commonly be found to refute or

contraindicate the overall pattern described herein.

ACKNOWLEDGEMENTS

On research trips to Mexico and Central America, I enjoyed the companionship of George

E. Ball, Henry E. Frania, Ron Carroll, Terry L. Erwin, and Henry P. Stockwell. Insights as

well as specimens were collected.

Specimens examined by me were provided by curators and institutions listed under “Materials’

Charles W. O’Brien examined type-specimens belonging to the Societa Entomologica Italiana,

Museo Civico di Storia Naturale, Genova, with assistance by the director of the museum, Enrico

Tortonese. O’Brien also examined Rhinochenus weevils in other European museums, and

arranged for some of them to be sent for my examination. During his studies, he tested my
key to Rhinochenus and suggested improvements.

Rose Ella Warner made available her notes on Rhinochenus, locating some of the pertinent

literature, and otherwise provided needed assistance and encouragement.

Beryl B. Simpson, whose paper on Pleistocene refugia provided the initial stimulus to think

about a synthesis of Middle American biogeography in refugial terms, made available a suite



Classification and Evolution of Rhinochenus 199

of literature in an area previously unfamiliar to me and read an early draft of the “Synthesis”.

George E. Ball and Terry E. Erwin, together with whom 1 share a long friendship and a

deep interest in Mexican and Middle American Carabidae, carefully read the manuscript and

suggested numerous major improvements. Ball reminded me of several facts, theories, and

papers that I had overlooked, and from Erwin I borrowed useful unpublished data.

F. Christian Thompson closely scrutinized the manuscript; I apologize for not accepting

all criticism, especially in the consideration of mimicry wherein his opinion differed from

mine. Daniel H. Janzen provided impetus for the study, distributional and ecological data, and

comments on the manuscript; financial support was from his NSF Grants GB 7819, GB
35032X, and BMS 75-14268. Others whose advice and opinion I sought include Wayne E.

Clark, Ginter Ekis, Robert D. Gordon, John M. Kingsolver, and George C. Steyskal. Illustrations

were prepared by Carolyn L. Cox and Candy Feller.

To all of these, and any others inadvertently omitted, my sincerest appreciation.

EITERATURE CITED

Ball, G. E. 1975. Pericaline Eebiini: Notes on classification, a synopsis of the New World genera,

and a revision of the gtnus Phloeoxena Chaudoir (Coleoptera: Carabidae). Quaestiones

Entomologicae 11: 143-242.

Boheman, C. H. 1844. In Schdnherr, C. J. Genera et species curculionidum, cum synonymia

hujus familiae. Vol. 8, part 1. Roret, Paris. 442 p.

Champion, G. C. 1905. Rhynchophora, Curculionidae. Vol. 4, part 4, p. 529-600. In Godman,

F. D. and O. Salvin. Biologia Centrali-Americana.

Chevrolat, A. 1871. Monographic du Rhinochenus. Annales de la Societe Entomologique

de Belgique 14; 85-93.

—
. 1880. Les descriptions de troix nouveaux Curculionides. In Seance du 13

Octobre 1880. Annales de la Societe Entomologique de France (Series 5) 10; cxiii-cxiv.

Duellman, W. E. 1970. The hylid frogs of Middle America. Monograph of the Museum of

Natural History of Kansas, Lawrence, Kansas 1 : 1-753, plates 1-72.

Ekis, G. 1976. Classification, phylogeny and zoogeography of the checkered beetle genus

Perilypus (Coleoptera; Cleridae). Smithsonian Contributions to Zoology. In press.

Erwin, T. L. 1970. A reclassification of bombardier beetles and a taxonomic revision of the

North and Middle American species (Carabidae: Brachinida). Quaestiones Entomologicae

6; 4-215.

Fabricius, J. C. 1775. Systema entomologiae. Kortii, Flensburg and Leipzig, Germany. 30 +

832 p.

. 1781. Species insectorum. Vol. 1. C. E. Bohnii, Hamburg. 552 p.

. 1787. Mantissa insectorum. Vol. 1. Christ. Gotti. Proft, Copenhagen. 348 p.

. 1792. Entomologiae systematicae emendatae et auctae. Vol. 2, part 2. Christ.

Gotti. Proft, Copenhagen. 538 p.

1798. Supplementum entomologiae systematicae. Proft and Storch, Copen-

hagen. 572 p.

. 1801. Systema eleutheratorum. Vol. 2. Bibliopolii Academic! Novi, Kiel. 687 p.

Fiedler, C. 1951. CUE ~ Die RusslQTgattungtn Rhinochenus und Blaborhinus (Col. Cure. Cryp-

torhynch.). The Annals and Magazine of Natural History (Twelfth Series) 4 (47); 1 102-1 120.

Freitag, R. 1969. A revision of the species of the germs Evarthru

s

LeConte (Coleoptera: Cara-

bidae). Quaestiones entomologicae 5; 89-21 1.

Goulet, H. 1974. Classification of the North and Middle American species of the germs Pelma-

tellus Bates (Coleoptera; Carabidae: Harpalini). Quaestiones entomologicae 10; 80-102.

Quaest. Ent., 1976, 12(2)



200 Whitehead

Haffer, J. 1969. Speciation in Amazonian forest birds. Science 165: 131-137.

. 1973. Pleistocene changes in the avifauna of the Amazon Basin. Manuscript from

symposium, “Evolution of Tropical Biota”, First International Congress of Systematic and

Evolutionary Biology. Denver, August 1973.

Hennig, W. 1966. Phylogenetic systematics. University of Illinois Press, Urbana, Illinois. 263 p.

llliger, J. C. W. 1806. Nachtrag zu den Zusatzen, Bemerkungen zu Fabricii Systema Eleuthera-

torum. Magazin fiir Insektenkunde 5: 221-246.

Janzen, D. H. 1975. Behavior of Hymenaea courbaril when its predispersal seed predator is

absent. Science: 145-147.

Kingsolver, J. M. and D. R. Whitehead. 1974a. Biosystematics of Central American species of

Ctenocolum, a new genus of seed beetles (Coleoptera: Bruchidae). Proceedings of the

Biological Society of Washington 87: 283-312.

. 1974b. Classification and comparative biology of the seed beetle genus Caryedes

Hummel (Coleoptera: Bruchidae). Transactions of the American Entomological Society

100: 341-436.

. 1976. The North and Central American species ofMeibomeus (Coleoptera:

Bruchidae: Bruchinae). USDA Technical Bulletin Number 1523: 1-54.

Langenheim, J. H., Y-T. Fee, and S. S. Martin. 1973. An evolutionary and ecological perspective

of Amazonian Hylaea species of Hymenaea (Eeguminosae: Caesalpinioideae). Acta Amazonica

3: 5-38.

Lindroth, C. H. 1969. The biological importance of Pleistocene refugia. In T. N. V. Karlstrom

and G. E. Ball (eds.). The Kodiak Island Refugium: Its Geology, Flora, Fauna and History.

The Ryerson Press, Toronto, xv + 262 p.

Finnaeus, C. 1758. Systema naturae. Edition 10. F. Salvii, Stockholm 823 p.

. 1764. Museum Fudovicae Ulricae reginae. Insecta & Conochilia. F. Salvii, Stock-

holm. vi + 720 p.

. 1767. Systema naturae. Edition 12. F. Salvii, Stockholm, xxxv -i- 1327 p.

Fucas, P. H. 1857. Entomologie. In Castelnau, F. de. Animaux nouveaux ou rares recueillis

pendand Fexpedition dans les parties centrales de FAinerique du Sud. P. Bertrand, Paris.

204 p. + 20 pi.

Meggers, B. J. 1975. Application of the biological model of diversification to cultural distri-

butions in tropical lowland South America. Biotropica 7: 141-161.

Noonan, G. R. 1973. The anisodactylines (Insecta: Coleoptera: Carabidae: Harpalinae):

classification, evolution and zoogeography. Quaestiones entomologicae 9: 266-480.

Olivier, A. G. 1790. Encyclopedie methodique. Vol. 5, part 1. Panckoucke, Paris. 368 p.

. 1807. Entomologie, ou histoire naturelle des insectes. Coleopteres. Vol. 5. Descray,

Paris. 590 p. + 64 pi.

Prance, G. T. 1973. Phytogeographic support for the theory of Pleistocene forest refuges in

the Amazon Basin, based on evidence from distribution patterns in Caryocaraceae,

Chrysobalanaceae, Dichapetalaceae and Fecythidaceae. Acta Amazonica 3: 5-26.

Rosen, D. E. 1975. A vicariance model for Caribbean biogeography. Manuscript, intended for

publication in Systematic Zoology.

Schonherr, C. J. 1837. Genera et species Curculionidum, cum synonymia hujus familiae. Vol.

4, part 1. Roret, Paris. 1121 p.

. 1844. Ibid. Vol. 8, part 1. Roret, Paris. 442 p.

Silva, A. G. d’A e, et al. 1968. Quarto catalogo dos insetos que vivem nas plantos do Brasil.

Seus parasitos e predadores. Fundapao Ibge, Fucas, Brazil. Parts 2(1) and (2), xxvi + 622

p. and 265 p.

Simpson, B. B. 1975. Pleistocene changes in the flora of the high tropical Andes. Paleobiology



Classification and Evolution of Rhiuochenus 201

1: 273-294.

Van der Hammen, T. 1974. The Pleistocene changes of vegetation and climate in tropical

South America. Journal of Biogeography 1; 3-26.

Vanzolini, P. E. 1973. Paleoclimates, relief, and species multiplication in equatorial forests.

In Meggers, B. J., E. S. Ayensu, and W. D. Duckworth (eds.). Tropical Forest Ecosystems

in Africa and South America: A Comparative Review. Smithsonian Institution Press,

Washington, viii + 350 p.

and E. E. Williams. 1970. South American anoles; the geographic differentia-

tion and evolution of X\\q Anolis chrysolepis species group (Sauria, Iguanidae). Arquivos

de Zoologica, Sao Paulo 19: 1-298.

Vuilleumier, B. S. 1971. Pleistocene changes in the fauna and flora of South America. Science

173: 771-780.

Whitehead, D. R. 1972. Classification, phylogeny, and zoogeography of ScJiizogenius Putzeys

(Coleoptera: Carabidae: Scaritini). Quaestiones Entomologicae 8: 131-348.

. 1974. Variation and synonymy in Hypselonotus (Eleteroptera: Coreidae).

Journal of the Washington Academy of Sciences 64: 223-233.

. 1975. Species of Conotraclielus Schonherr and Microscapus Lima (Coleoptera:

Curculionidae: Cryptorhynchinae) associated with Hymenaea courbaril Einnaeus in Central

America, with notes on the Cristatus Group of Conotrachelus. Journal of the Washington

Academy of Sciences 65: 36-40.

and G. E. Ball. 1975. Classification of the Middle American genus Cyrtolaus

Bates (Coleoptera: Carabidae: Pterostichini). Quaestiones Entomologicae 11: 591-619.

and J. M. Kingsolver. 1975. Biosystematics of the North and Central American

species of Gibbobniclius (Coleoptera: Bruchidae: Bruchinae). Transactions of the American

Entomological Society 101: 167-225.

Willis, H. E. 1971. Numerical cladistics: The Ellipsoptera group of the genus Cicindela.

Cicindela3: 13-20.

Wilson, E. O. 1959. Adaptive shift and dispersal in a tropical ant fauna. Evolution 13: 122-144.

. 1961. The nature of the taxon cycle in the Melanesian ant fauna. American

Naturalist 95: 169-193.

Zimsen, E. 1964. The type material of I. C. Fabricius. Munksgaard, Copenhagen. 656 p.

Quaest. Ent., 1976, 12(2)



J .fli i

^ 'li *'-r> » - — T'-

7
^ ^4«K5i*'M .i^i#y''T^%^7»^i §•„'

^*<h,l
l?'V i. it ^JJiAILa* filltoft ai^ ^ u* ^ i - ^''J*^ ^liS ^ 5§' ^ ,.,

awY
r.if^m;\ ';}

S4^^l«»lKJm>fW»W-W'tW»«*S BfR.#IOIip!»!^ W‘lg'g.'^
!'-;«>;'»»^«»«4!«~« |..«M

^

•

>;r;.#.



STUDIES ON BOREAL AGROMYZIDAE (DIPTERA).

X.PHYTOMYZA MINERS ON CRASSULACEAE

GRAHAM C. D. GRIFFITHS

Department of Entomology

University ofAlberta

Edmonton, Alberta T6G 2E3

Quaestiones Entomologicae

12: 203-210 1976

Three species o/Phytomyza are known as leaf-miners of Crassulaceae, as follows: Phytomyza

rhodiolae n. sp. (type-locality Kluane Lake, Yukon Territory) on Rhodiola rosea L., P. sedi

Kaltenbach (Europe) on Sedum album L., and P. sedicola Hering (Europe) on Sedum telephiiim

L. and S. cepaea L. Descriptions and illustrations of the differences in the male genitalia and

puparia are given for each species.

Trois especes de Phytomyza sont connues comme mineuses dans les feuilles des Crasstdace'es, tel qiie: Phytomyza rhodiolae

n. sp. (localite-type Lac Kluane, Territoire du Yukon) swr Rhodiola rosea L., P. sedi Kaltenbach (Europe) Sedum album

L., et P. sedicola (Europe) sur Sedum telephium L. et S. cepaea Z,. Des descriptions et des illustrations des differences

entre les genitalia males et les puparia sont pourvues pour chaque espHe.

Folgende drei Arten von Phytomyza werden als Blattminierer von Crassulaceae besprochen: Phytomyza rhodiolae n. sp.

(Eundort des Typus: Kluane Lake, Yukon Territorium) an Rhodiola rosea L., P. sedi Kaltenbach (Europa) an Sedum album

L., und P. sedicola Hering an Sedum telephium L. und S. cepaea L. Jede Art wird durch Beschreibung und Abbildungen der

unterschiedlichen mannlichen Kopulationsorgane und der Puparien abgegrenzt.

The Phytomyza miners of Crassulaceae have been little studied, as indicated by the fact

that genitalia figures have previously been published for only one species {P. sedicola Hering)

and for that very recently (Spencer, 1972). My recent discovery of a new species in the recently

declared Kluane National Park (Yukon Territory) makes it opportune for me to provide a

complete review of the available information.

Spencer (in correspondence) has concluded on the basis of the structure of the aedeagus

that Phytomyza sedicola Hering belongs to the P. hendeli group, containing also miners of

Clematis, Anemone and Ranunculus (Ranunculaceae). Information on this group will be given

in his work (now in press) on the Agromyzidae of Denmark and Fennoscandia. The other two

Crassulaceae-miners, P. sedi Kaltenbach and P. rhodiolae n. sp., have a rather different type of

aedeagus characterized by a shortened basal section and the absence of paramesophalli. They

are clearly monophyletic sister-species (since at least the shortened basal section must be inter-

preted as a synapomorphy), but whether they also belong with P. sedicola to the P. hendeli

group requires clarification. I will not speculate on this question until further information on

the group has been published.

Identification of the immature stages of the species treated in this paper should not present

difficulty. They all feed on different host plants, and are the only Agromyzidae known to

attack these plants. The posterior spiracles are diagnostic for each species (Fig. 10-12). Identi-

fication of adults should be based on study of the male aedeagus, which is strikingly different

in each species (Fig. 1-9).

I follow the botanical nomenclature of Webb (1964), who treats Rhodiola as a genus distinct

from Sedum and uses the name Sedum telephium L. in a wide sense (including S. maximum L.

and others as subspecies). The holotype of the new species {Phytomyza rhodiolae) has been

deposited in the Canadian National Collection (Ottawa). My use of terms and abbreviations

was explained in the first paper of this series (Griffiths, 1972).
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TREATMENT OF SPECIES

Phytomyza rhodiolae new species

Adult. - Head with orbits narrowly projecting above eye in lateral view; genae in middle 0.4 - 0.5 times eye height; eyes

with only sparse fine pubescence. Frons at level of front ocellus about twice width of eye; orbits very broad posteriorly,

together occupying at least half of frons width. Ors normally directed posteriorly (but one or both directed anteriorly in a

few specimens), ori directed inwardly; posterior ors normally fully as long as anterior ors (shorter or on one side absent in

only two specimens); anterior ori variously developed, 0.3 - 0.8 times as long as posterior ori; orbital setulae more or less

two-rowed posteriorly. Peristomal margin with vibrissa and 2-5 upcurved peristomal setulae. Third antennal article rounded

distally, with short pubescence.

Normally 3 -i- 1 dc (but 4 -i- 1 in one male); acr in 2-4 irregular rows anteriorly; 4-8 presutural ia; 2-6 postsutural ia; inner

pa short, at most 1/3 as long as outer pa.

Second cross-vein (m-m) absent. Costal ratio 1.5-1. 8 (means: (5, 1.65; 9, 1.7). Wing length: 6, 1.45-1.95 mm
(mean 1.8 mm); 9, 1.9-2. 1 mm (mean 2.0 mm).

Colour almost entirely dark. Centre of frons dark brown, scarcely paler than black ocellar plate and vertex; anterior part

of orbits slightly paler (brownish) along eye margins in some specimens; genae brown. Labella dull yellow to yellow-brown.

Thorax finely grey-dusted over black ground-colour, weakly shining; seams of notopleural and mesopleural sutures greyish

white; wing base and squamae infuscated (largely grey or grey-brown), latter with blackish fringe. Legs largely black, with

tips of femora yellow-brown to dark brown (scarcely contrasting). Abdomen largely dark brown. Basal cone of ovipositor

(9) entirely grey-dusted.

Eighth sternum of male postabdomen more or less fused with 6th tergum along distinct suture line, with narrow lateral

extensions to sides of venter. Telomeres represented by densely setulose apical lobes of periandrium, not delimited by suture.

Pregonites not extending ventrally. Aedeagus as Fig. 1-2; basal sclerites short, strongly asymmetrical, the left with long curved

basal process extending below phallophore; medial lobe large but inconspicuous, unpigmented except for a few small marks;

distal section with pair of slender divergent sinuate tubules (distiphallus) arising from cylindrical area of sclerotization about

ejaculatory duct (mesophallus), without paramesophalli. Ejaculatory apodeme as Fig. 3; lateral angles of ejaculatory bulb

pigmented.

Puparium and third instar larva. - Mandibles with two alternating teeth, right mandible longer than left. Anterior and

posterior spiracles of similar structure but latter much larger, each with two long horns of about equal length with bulbs

mostly near apices of horns; anterior spiracles with 6-8 bulbs on each horn (12-15 bulbs in total); posterior spiracles (Fig. 10)

on large conical projections, with 9-12 bulbs on each (very long and slender) horn (19-24 bulbs in total). Puparium dark

brown, shining, with conspicuous transverse wrinkles on all segments, 1.9 - 2.3 mm long.

Mine. - Larvae solitary leaf-miners on Rhodiola rosea L. Mine (Fig. 13) basically linear-blotch (linear initially), occupying

whole or greater part of leaf in most cases, with channels visible both on upper and lower surfaces (partly full-depth), appearing

whitish green in reflected light when fresh; faeces deposited as discrete particles. Pupation site varying; the majority of the

larvae in the original sample left their mines (through slits on the upper or lower surface of the leaO before puparium forma-

tion, but others remained in their exit slits so that the hind end of the puparium became anchored in the leaf by the posterior

spiracles and a few formed puparia completely inside the leaf without an exit sht.

Types. - Holotype 6, 10 c5c5 18 99 paratypes from larvae 24.vii.72 on Rhodiola rosea L.

subsp. integrifolia (Raf.), near S end Kluane Lake (rock ledge at 4000 feet elevation on Sheep

Mountain; 61° 2'N, 138° 32'W), Yukon Territory, emerged 3-1 3. v. 73, leg D. E. & G. C. D.

Griffiths.

Remarks. - An interesting anomaly of the abdominal structure is shown by two males of

this species. In one the 4th and 5th terga are divided in the centre of the dorsum, and the

anterior margin of the 6th tergum projects forward between the halves of the 5th tergum. A
second male shows the same anomaly to a lesser degree; only its 5th tergum is divided, and

the 6th tergum is less projected anteriorly. This modification may have functional significance

in allowing lengthening of the muscles attached to the 6th tergum.

The host-plant, Rhodiola rosea L., is widely distributed in Eurasia, as well as in North Amer-

ica. There is one previous record of Phytomyza mines on it, by Hartig (1939) for Alto Adige

(Italy). As far as I am aware, no flies were obtained from Hartig’s samples. His ascription of the

mines to P. sedicola Hering therefore needs confirmation, and we should bear in mind the

alternative possibility that he had the present species before him.
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Fig. 1-3. Phytomyza rhodiolae n. sp., holotype c5 : 1, aedeagus and associated structures in left lateral view(AEDAD
aedeagal apodeme, BS basal section of aedeagus, DpH distiphallus, ML medial lobe of aedeagus, MpH mesophallus,

PhPH phallophore, POG postgonite); 2, distal section and medial lobe of aedeagus in ventral view; 3, ejaculatory bulb and

apodeme. Fig. 4-6. Phytomyza sedi Kaltenbach (d), Hvar, Yugoslavia: 4, aedeagus in left lateral view; 5, distal section of

aedeagus in ventral view; 6, ejaculatory bulb and apodeme.

Quaest. Ent., 1976, 12(2)
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0.1 mm

8

Fig. 7-9. Phytomyza sedicola Hering (d), Sinaia, Roumania: 7, aedeagus in left lateral view; 8, distal section of aedeagus
in ventral view; 9, ejaculatory bulb and apodeme.
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Phytnmyza secU Kaltenbach 1869

Phytornyza sedi K-d\iQ\\h(!iC\\. Kaltenbach, 1869: 172. — 1874: 258. Hering, 1957: 24. — 1967:

72. Types lost; type-locality Boppard (Germany).

Adult. - As described forP. rhodiolae, except as follows.

Genae in middle about 0.3 times eye height. Only one strong ori (anterior ori very short or absent); orbital setuale one-

rowed. Costal ratio mg
2
/mg4 1.8 - 1.9. Wing length 1.4 - 1.75 mm ( 6 ).

Aedeagus as Fig. 4-5; basal process of left basal sclerite shorter; medial lobe with well differentiated sclerites; wide unpig-

mented gap between mesophallus and basal sclerites; tubules of distiphallus appearing more or less straight (not sinuate) in

lateral view. Ejaculatory apodeme very large (Fig. 6); ejaculatory bulb with pair of strongly projecting pigmented lateral

tubercles.

Puparium and third instar larva. - Mandibles of about equal length, with only single (upper) clearly differentiated tooth,

this relatively large and hook-shaped. Posterior spiracles on short conical projections, with two short horns, crescentic in

caudal view (Fig. 11), with 12-14 bulbs. Puparium white, 1.6 mm long. (Anterior spiracles lost).

Mine. - Larvae solitary leaf-miners on Sedum album L. Mine described by Hering (1967) as follows.

“Brownish blotch-mines on the underside of the cylindrical leaves expanding into their interior and hollowing them out.

Eventually the attacked leaf is whitish, revealing in its interior irregularly distributed black faecal particles and finally near

its tip the puparium within the leaf, which soon withers and falls”.

Material examined. - 1 6 from larva l.vii.38 on Sedum album L., Le Puy, Haute-Loire,

France, emerged 8.viii.38, leg. H. Maneval (from Hering collection). 1 6 from larva 21.iv.63

on Sedum album L., Hvar Island, Yugoslavia, emerged 26.iv.63, leg. E. M. Hering (no. 7006).

Remarks. — I have no doubt that Hering (1957) was correct in concluding that he had re-

discovered Kaltenbach’s species. The size difference between the puparia of this species and

those of P. sedicola on Sedum telephium L. noted by Kaltenbach has been confirmed.

Certain corrections of Hering’s (1957) redescription should be noted. His estimate of the

wing length as 1 mm is too low; and the squamal fringe is not white, but brown. More seriously

misleading is his supposed description of the larva (Hering, 1954). Some confusion must have

arisen, since the described larva is clearly that of a Hydrellia species (Ephydridae); it is quite

unlike that of any agromyzid, since it lacks anterior spiracles and has closed thorn-shaped pos-

terior spiracles. Fortunately 1 was able to find a puparium inside a mined leaf mounted with

ManevaPs specimen. This is the basis of the above description. It has nothing to do with the

larva described by Hering.

In his key Hering (1957: 967) also lists Sedum acre L. as a host of this species, thus contra-

dicting the statement in his redescription (1957, vol. 3: 25) that it had not been found on

species other than Sedum album L. There are no flies bred from S. acre, nor pressed mines on

this plant in Hering’s collections. In the circumstances the record for S. acre seems best discounted.

Phytomyza sedicola Hering 1924

Phytomyza sedicola Hering. Hering, 1924: 40. — 1927: 150. De Meijere, 1926: 290. Hendel,

1935: 476. Spencer, 1972: 90. Syntypes 6 9 , Herculesbad (Roumania), in the Zoologisches

Museum, Humboldt Universitat, Berlin.

Adult. - Head with orbits narrowly projecting above eye in lateral view; genae in middle 0. 3-0.4 times eye height; eyes

with only sparse fine pubescence. Frons at level of front ocellus about twice width of eye; orbits very broad posteriorly,

together occupying about half of frons width. Ors directed posteriorly, ori directed inwardly; posterior ors as long as or

only slightly shorter than anterior ors; anterior ori 0.5 - 0.8 times as long as posterior ori; orbital setuale more or less two-

rowed posteriorly. Peristomal margin with vibrissa and 3-5 upeurved peristomal setulae. Third antennal article rounded

distally, with short pubescence.

3+1 dc; acr in 4-5 rows anteriorly; 5 presutural ia; 2-6 postsutural ia; inner pa about 1/3 as long as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg^/mgq 2.1 - 2.3. Wing length 2.1 mm ( (59).

Colour almost entirely dark. Frons dark brown anteriorly, becoming ochreous yellow posteriorly on either side of ocellar

plate; inner margins of orbits also ochreous yellow; genae brown. Labella dull yellow. Thorax finely grey-dusted over dark

ground-colour, weakly shining; seams of notopleural and mesopleural sutures yellowish white; wing base and squamae yellowish

Quaest. Ent., 1976, 12(2)
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Fig. 10. Phytomyza rhodiolae n. sp., right posterior spiracle of puparium viewed laterally from inside. Fig. 11. Phytomyza

sedi Kaltenbach, right posterior spiracle of puparium in caudal view. Fig. 12. Phytomyza sedicola Bering, right posterior

spiracle of puparium in caudal view. Fig. 13. Leaf oi Rhodiola rosea L. with mine oi Phytomyza rhodiolae n. sp.

white, latter with dark margin and fringe. Legs largely dark, with tips of front femora contrastingly yellow; tips of other

femora yellow to yellow brown. Abdomen largely brown. Basal cone of ovipositor (9) entirely grey-dusted.

Eighth sternum of male postabdomen more or less fused with 6th tergum along distinct suture line, with narrow lateral

extensions to sides of venter. Telomeres not delimited from periandrium, bearing dense group of setulae. Pregonites with

inconspicuous, more or less unpigmented ventral extensions. Aedeagus as Fig. 7-8; basal sclerites rather long; sclerites of

medial lobe long and slender, narrowly separated apically; paramesophalli well developed, fused anteriorly below mesophallus;

terminal tubules of distal section (distiphallus) curved upwards and backwards so that their apices are posteriorly directed.

Ejaculatory apodeme as Fig. 9; lateral angles of ejaculatory bulb scarcely pigmented.

The aedeagus has been previously figured by Spencer (1972).

Puparium and third instar larva. - Described by de Meijere (1926). Mandibles with two alternating teeth; right mandible

longer than left. Anterior spiracles knob-shaped, with 9-12 bulbs in narrow ellipse; posterior spiracles (Fig. 12) on short coni-

cal projections, with two short horns, with 9-12 bulbs in partly open ellipse. Puparium brown, weakly shining, about 2.5 mm
long.

Mine. - Larvae leaf-miners on Sedum cepaea L. and S. telephium L. (usually communal on the latter). Mine described by

Bering (1957) as follows.

“Channel mostly strongly convolute, interlaced. Convolutions commonly coalescing to a secondary blotch. Faeces in a

few widely separated particles. Puparium in the leaf, not in an enclosed cradle but before a preformed semicircular slit, rarely

outside. The mine is very shallow, whitish, scarcely contrasting in transmitted light”.

Beiger (1960) presents a figure of the mine.

Material examined. —
1 9 paratype from larva 28.V.22 on Sedum telephium L. subsp. maxi-

mum (L.), Herculesbad, Banal, Roumania, emerged 18.vi.22, leg. M. Hering (no. 1986). 1 6

from larva 27.vii.68 on Sedum telephium, Sinaia, Roumania, emerged 16.viii.68, leg. K. A.

Spencer. 1 6 from puparium 6.viii.26 on Sedum cepaea L., Lugano, Switzerland, emerged

10.viii.26, leg. W. Hopp (no. 3004).
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Other records. - Additional records, all based on mines, or flies bred from mines, on Sedum telephium L., are as follows.

England - Single record for Keswick, Westmorland (Spencer, 1972).

Germany — Widespread but local; locality records given by Hering (1924, 1927, 1955),

Ruhr (1932, 1964) and Starke (1942).

Austria - Sheets in Hering’s mine herbarium for Diirnstein (Niederbsterreich) and

Waldaist-Tal (Miihlviertel).

Czechoslovakia - Widespread; locality records given by Star^ (1930), Skala & Zavfel (1945 and

Zavfel (1953, 1960).

Poland - Widespread; locality records given by Seidel (1924), Beiger (1960, 1965, 1970)

and Griffiths (1966: 849).

Denmark - Bornholm (Ruhr, 1932).

Norway - Vaage, Norrbotten (Ryd^n, 1955).

Sweden - Reported by Ryden (1940, 1948, 1949, 1951) from Bohuslan, Halland, Dalsland and

Uppland.

Remarks. — Hering ( 1930) also ascribed to this species mines observed by his wife Olga on

Umbilicus nipestris (Salisb.) ( = petidulimis DC.) at Cherbourg (France). This identification

must be set aside as conjectural. No flies have yet been bred from Umbilicus, nor were the

mines collected.

The above description is based on the specimens bred from the original host, Sedum tele-

pliium T. The Lugano male bred from Sedum cepaea L., here tentatively referred \o P. sedicola,

differs as follows; additional short third pair of ori present; 2 upcurved peristomal setulae;

costal ratio mg
2
/mg4 2.0; wing length 1.8 mm; terminal tubules of aedeagus less curved, with

their apices more or less dorsally (rather than posteriorly) directed. It is impossible to decide

on the basis of a single specimen whether these minor differences signify anything more than

individual variation. The identification should be reviewed when more material is available.
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Chromatomyia species are here reported as leaf-miners on Elaeagnaeeae for the first time.

These consist of three weakly differentiated North American species, as follows: Chromato-

myia shepherdiana n. sp. ( type-locality Lake Laberge, Yukon Territory) on Shepherdia cana-

densis fC. A C. leptargyreae n. sp. ( type-locality Elk Island National Park, Alberta) on Shep-

herdia canadensis rC. A and C. merula (Spencer) on Elaeagnus commiitata Bernh.

Quelques especes de Chromatomyia sont id signalds pour la premiere fois comme mineuses dans les feuilles des Elaeag-

nacdes. Elies consistent de trois especes faiblement differencides d’Amdique du nord, tel que: Chromatomyia shepherdiana

n. sp. (locality-type Lac Laberge, Territoire du Yukon) snr Shepherdia canadensis /'CJ, C. leptargyreae sp. (localite'-type

Parc National Elk Island, Alberta) sur Shepherdia canadensis (L.) et C. merula (Spencer) sur Elaeagnus commuldta Bernh.

Chromatomyia-zlrten werden hier erstrnals als Elaeagnaceae-Blattrninierer nachgewiesen, und zwar folgende drei nur

geringfugig voneinander abweichende nordamerikanische Arten: Chromatomyia shepherdiana n. sp. (Eundort des Typus:

Lake Laberge, Yukon Territorium) an Shepherdia canadensis (L.), C. leptargyreae n. sp. (Eundort des Typus: Elk Island

Nationalpark, Alberta) an Shepherdia canadensis (L.), und C. merula (Spencer) an Elaeagnus commuted. Bernh.

Previously the only Agromyzidae reported as leaf-miners of Elaeagnaeeae in boreal regions

have been species of Amauromyza, namely A. elaeagni (Rohdendorf-Elolmanova) in Europe

and A. shepherdiae Sehgal in Alberta. However, these plants also support, at least in North

America, a group of host-specific Chromatomyia leaf-miners. Only one of these, C merula

(Spencer), has previously been described (Spencer, 1969), and that from a caught specimen.

However, the mines are quite common and 1 have succeeded in rearing several series. Chroma-

tomyia mines on Elaeagnaeeae can be readily distinguished in the field from those of Amauro-

myza by the manner of pupation; the larvae of Chromatomyia form puparia within the leaf

(with their anterior spiracles projecting ventrally through the epidermis), while those of

Amauromyza leave the leaf through an exit slit after completing their feeding.

My bred material of Chromatomyia is referable to three taxa, differentiated mainly in

respect of their costal ratio, eye size (and, in correlation with this, the relative genal height),

form of mine, and choice of host-plant. I am not able to detect any significant differences

in the aedeagus (the most precise indicator of specific identity in most agromyzids). It is

perhaps debatable whether all three taxa are distinct at the level of full species. In particular,

it is possible that C shepherdiana n. sp. and C. leptargyreae n. sp., which feed on the same

host-plant, are geographical races (subspecies) of a single species. However, the morphological

differences between them are of the same kind as those differentiating C merula (Spencer),

which is surely distinct at the species level as it is sympatric at least with C. shepherdiana. On
balance I have therefore decided to regard all three taxa as full species, at least until further

information is available.

The holotypes of the new species will be deposited in the Canadian National Collection

(Ottawa). For explanation of my use of terms and abbreviations, and for introductory infor-

mation on Chromatomyia, see Parts I and V of this series (Griffiths, 1972 & 1974).
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DIAGNOSIS

The key to North American species of Chromatornyia given in Part V (Griffiths, 1974) is

amended as below to incorporate the two new species described in this paper. Note also that

I have revised the description “supporting sclerite forked” given in the original key as a

character of C menila (Spencer). This was based on a misunderstanding of one of Spencer’s

(1969) figures. The forked structures in question are formed by fusion of the sclerites of the

medial lobe with sclerites below the ejaculatory duct.

Amendment to Key to North American Species of Chromatornyia (Griffiths, 1974: 39).

8. (5) Aedeagus as Fig. 1-3, with sclerites of medial lobe fused at base with pair of

slender sclerites supporting terminal section of ejaculatory duct (sclerotization

hence with characteristic forked appearance in anterior view, as Fig. 2) 8a

- Aedeagus not as above 9

8a. (8) Costal ratio mg
2 /mg4 1 .7-2.2. Eyes small (gcnae in middle 0.4-0.6 times eye

height, as Fig. 6) C. merula (Spencer)

- Costal ratio mg2 /mg4 2.45-3.1 8b

8b. (8a) Genae in middle 0.25-0.4 times eye height C shepherdiana n. sp.

- Genae narrow, in middle only 0. 1 5-0.25 times eye height (Fig. 7)

C. leptargyreae n. sp.

TREATMENT OF SPECIES

Chromatornyia shepherdiana new species

Adult. - Head with orbits not or only slightly projecting above eye in lateral view; genae in middle 0.25 - 0.4 times eye

height (intermediate between Fig. 6 and 7); eyes with fine inconspicuous pubescence. Frons at level of front ocellus about

twice width of eye. Ors directed posteriorly, ori directed inwardly; normally two ors, posterior as long as or shghtly shorter

than anterior (but posterior ors absent from one side in one female; in two specimens additional short third ors on one side);

normally two ori (but with additional short third ori on one side in one female), anterior in most specimens about half as

long as posterior, but varying from fully as long (on one side in two females) to absent (on one side in two specimens); orbital

setulae one-rowed. Peristomal margin with vibrissa and 3-5 upcurved peristomal setulae. Third antennal article rounded dis-

tally, with short pubescence.

3 -I- 1 dc; acr numerous, in 5-7 rows anteriorly; presutural ia numerous; 5-14 postsutural ia; inner pa 1/3 to 1/2 as long as

outer pa.

Second cross-vein (m-m) absent. Costal ratio mg9/mg4 2.45 - 2.9 (means: 6

,

2.6; 9 , 2.7). Wing length: (5
,
2.3 - 2.65 mm

(mean 2.45 mm); 9 ,
2.0 - 2.8 mm (mean 2.6 mm).

Colour largely dark. Frons largely brown or grey-brown (in two females becoming yellow-brown posteriorly), with upper

part of orbits, vertex and ocellar plate black; face brown to grey-black; genae pale brown to brown. Antennae with first

article yeUow-brown to brown, second article dark brown to black, third article black. Palpi black; labella yellow. Thorax

finely grey-dusted over black ground-colour, moderately shining, with contrastingly pale coloration along seams of sutures

(especially notopleural and mesopleural sutures), in some specimens with sutural triangle brownish (slightly paler than rest

of mesonotum); wing base yellowish white; squamae yellowish white or somewhat infuscated (greyish), with dark fringe.

Legs with coxae, trochanters and femora largely dark, with tips of femora contrastingly yellow; tibiae with yellowish or

yellowish brown bases and apices, dark medially; tarsi yellow-brown to red-brown. Abdomen largely dark brown, in many

specimens narrowly yellowish on sides at base. Basal cone of ovipositor (9 ) grey-dusted on about basal half.

Male postabdomen with 8th sternum more or less fused with 6th tergum along variably distinct suture line. Telomeres

not delimited from periandrium, indicated by dense group of short setulae. Pregonites with only very short, scarcely pigmented

ventral extensions. Aedeagus as Fig. 1-3; sclerites of medial lobe slender, fused at base with pair of slender sclerites supporting

terminal section of ejaculatory duct (sclerotization hence appearing forked in anterior view, as Fig. 2); small subtriangular

sclerites between this forked sclerotization and apex of basal sclerites; supporting sclerite complex (in “dorsal” lobe) consisting

of pair of apically convergent lateral sclerites and small narrow forked sclerite on centre-line. Ejaculatory apodeme (Fig. 4)

fan-shaped, very small, only weakly pigmented.

Puparium and third instar larva. - Mandibles with two alternating teeth; right mandible longer than left. Anterior spiracles

with two equal horns, with 12 - 16 bulbs in irregular ellipse; posterior spiracles on short conical projections, with 11-16 bulbs

in partly open, broad ellipse; pair of prominent tubercles situated below posterior spiracles on either side of anus. Puparium
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golden yellow to red-brown, 1.9 - 2.4 mm long.

Mine. - Larvae leaf-miners on Shepherdia canadensis (L.). Mine (Fig. 8) mainly linear, but becoming blotchy or at least

broadly linear terminally, formed entirely on upper surface of leaf, appearing white or greenish white in reflected light when

fresh; faeces deposited mostly in conspicuous beaded strips or threads. Puparium formed in most cases on upper surface of

leaf, with its ventral surface adjacent to surface of leaf, with its anterior spiracles projecting ventrally through epidermis.

Types. — Holotype 3, 1 d 4 99 paratypes from larvae 29-30. viii.69 on Shepherdia eauadensis

(L.), Lake Laberge(61° 5'N, 135° 1 2'W), Yukon Territory, emerged 14-18.V.70, leg. G. C. D.

Griffiths. 1 d 2 99 paratypes from puparia 20-28. vii. 72 on Shepherdia canadensis (L.),near S

end Kliiane Lake (Wallace Mountain at 3500-4000 feet elevation), Yukon Territory, emerged

8.viii.72 (1 9) and 8-9. v. 73, leg. G. C. D. Griffiths. 6 dd 6 99 paratypes from larvae and puparia

2.ix.73 on Shepherdia canadensis (L.), Jasper National Park (Meadow Creek Trail, 1 mile S

Geikie; 5000 feet elevation), Alberta, emerged 26-30. iv. 74, leg. G. C. D. Griffiths. 1 d paratype

(caught), 19.vi.66, Jasper National Park (near Jasper townsite), Alberta, leg. K. A. Spencer

(designated as paratype of merida by Spencer, 1969).

Remarks. — Besides the localities listed above, I also refer to this species a small sample of

mines collected 31. viii.69 on the East shore of Lake Teslin, Yukon Territory. It is evident

from these records that this species is widely distributed in the Canadian Rockies and Yukon

Territory. However it seems replaced in East-Central Alberta by the species next to be described.

As an isolated morphological anomaly I noted that in one female the 6th tergum is divided

centrally.

Chromatomyia leptargyreae new species

Adult. — As described for C shepherdiana, except as follows.

Genae narrower, in middle only 0.15 - 0.25 times eye height (Fig. 7). Acr in 4-7 rows anteriorly; 7-12 postsutural ia.

Costal ratio mg2/mg4 2.6 - 3.1 (mean 2.8). Wing length; d, 2. 1 - 2.2 mm; d, 2.2 - 2.45 mm.

Colour somewhat paler on average. Frons largely yellow-brown to brown; face yellow-brown to brown; genae yellow-

brown to brown. Second antennal article yeUow-brown to brown. Mesonotum in most specimens distinctly yellow-brown

on sides, especially on sutural triangle, postalar callus and corners of humeral callus. Legs with anterior trochanters and

apices of anterior coxae yellow to yellow-brown; tarsi and apices of tibiae deep yellow.

Male postabdomen and genitalia as described for C. shepherdiana, except that the ejaculatory apodeme (Fig. 5) is

narrower (scarcely fan-shaped) and even smaller.

Puparium and third instar larva. — As in C. shepherdiana. Anterior spriacles with 15-17 bulbs; posterior spiracles with

11-17 bulbs. Puparium golden yellow to yellow-brown, 1.9 - 2.4 mm long.

Mine. — Larvae leaf-miners on Shepherdia canadensis (L.). Mine (Fig. 9) entirely linear, 7-9 cm long, 2 - 2.5 mm wide

terminally, appearing white or greenish white in reflected light when fresh; faeces deposited mostly in conspicuous beaded

strips or threads; mine formed entirely on upper surface of leaf, but with puparium formation following in most cases on

lower surface near end of mine channel. Puparium with its ventral surface adjacent to surface of leaf, with its anterior

spiracles projecting ventrally through epidermis.

Types. — Holotype d, 2 dd 1 9 paratypes from larvae and puparia 24.vi-29.vii. 7 1 on Shep-

herdia canadensis (L.), Elk Island National Park (isolated mines collected at many different

sites throughout park), Alberta, emerged 13- 18. vii. 71 (3 dd) and 13.V.72 (19), leg. G. C. D.

Griffiths. 3 dd 2 99 paratypes from larvae and puparia 1-2. vii. 75 on Shepherdia canadensis (L.),

George Eake Eield Station, Alberta, emerged 1 2-1 7.vii.75, leg. G. C. D. Griffiths.

Remarks. - The specific epithet leptargyreae is based on Leptargyrea (“lightly silvered”),

a synonym of Shepherdia. I have chosen the spelling which seems to me linguistically preferable

over the other variants (such as Lepargyreia and Lepargyraea).

The clearest distinctions between this species and C. shepherdiana lie in the larger eyes (and

consequently smaller relative genal height) and in the form of the leaf mines. The colour dif-

ferences are not as clear-cut as might be wished, since a few of the palest specimens of C.

shepherdiana could be confused with darker specimens of this species.

Quaest. Ent., 1976, 12(2)



214 Griffiths

Chromatomyia menila (Spencer 1969)

Phytomyza menda Spencer. Spencer, 1969: 254. Holotype 6, Jasper (Alberta), in K. A.

Spencer’s collection.

Chromatomyia menda (Spencer). Griffiths, 1974: 37.

Adult. - As described for C. shepherdiana, e.xcept as follows.

Eyes smaller, margined venlrally by conspicuously broad “cheeks”; genae in middle 0.4 - 0.6 limes eye height (Fig. 6).

Acr 4-rowed anteriorly; 5-7 postsutural ia. Costal ratio mg^/mg^ 1.7 (holotype 6), 2.2 ( 9). Wing length: (5, 2.25 mm;

9, 2.35 mm.

Colour more uniformly dark. Frons largely blackish, becoming brown only posteriorly on either side of ocellar plate;

genae dark brown. Mesonotum uniformly black (sutural triangle not paler). Fegs somewhat darker, with only tips of femora

contrastingly yellow; tarsi and apices of tibiae dark brown.

Male postabdomen and genitalia as described for C. shepherdiana. (Ejaculatory apodeme lost).

The aedeagus has been figured by Spencer (1969).

Puparium and third instar larva. - As in C. shepherdiana. Anterior spiracles with 13-15 bulbs; posterior spiracles with

14-17 bulbs. Puparium dark red-brown, 2.3 mm long.

Mine. - Farvae leaf-miners on Elaeagnus commutata Bernh. Mine (Fig. 10) entirely linear, 5-7 cm long, 2-3 mm wide

terminally, formed entirely on upper surface of leaf, appearing white or greenish white in reflected light when fresh; faeces

deposited mostly in beaded strips or threads. Puparium formed at end of mine channel, with its ventral surface adjacent to

upper surface of leaf, with its anterior spiracles projecting ventrally through epidermis.

Material examined. — Holotype 6 (caught), 16.vi.66, Jasper National Park (near Jasper

townsite), Alberta, leg. K. A. Spencer. 1 9 from puparium 25.vii.72 on Elaeagnus commutata

Bernh., near S. end Kluane Lake (gravel bar in Sheep Creek at 2800 feet elevation), Yukon

Territory, emerged 9.viii.72, leg. D. E. Griffiths.

Remarks. — I am not able to detect any significant difference between the aedeagus of this

species and those of the two preceding on the basis of the single preparation available. How-

ever the smaller eyes and lower costal ratio should serve to distinguish it readily. On the basis

of these characters I can only associate Spencer’s holotype with my female bred from Elaeagnus.

Since Elaeagnus is abundant in the Athabasca Valley around Jasper, this association seems

highly credible. But note that Spencer’s paratype (not taken together with the holotype, as

might seem implied in his description) has narrower genae and a higher costal ratio. I refer

it to C. shepherdiana.

I have also collected Chromatomyia mines on Elaeagnus commutata Bernh. at Edmonton

(slopes of river valley, 20.vii.70) and in Elk Island National Park (Elk Island in Astotin Lake,

20.vii.71 and 18.ix.71). These are probably referable to C. menda, but I obtained no flies to

confirm this.
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Fig. 1-4. Chromatomyia shepherdiana n. sp., holotype c5 : 1, aedeagus in left lateral view; 2, distal section and medial lobe

of aedeagus in anterior view; 3, dorsal lobe of aedeagus in ventral view; 4, ejaculatory bulb and apodeme. Fig. 5. Chromatomyia

leptargyreae n. sp. (holotype <5), ejaculatory bulb and apodeme. Fig. 6. Chromatomyia merula (Spencer) (Yukon), head in

left lateral view. Fig. 7. Chromatomyia leptargyreae n. sp., head in left lateral view. '

Quaest. Ent., 1976, 12(2)
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1 .0 cm

Fig. 8-9. Leaves of Shepherdia canadensis (L.) with mines of; 8, Chromatomyia shepherdiana n. sp. 9, Chromatomyia leptar-

gyreae n. sp. Fig. 10. Leaf of Elaeagnus commutata Bernh. with mine of Chronwtomyia merula (Spencer).
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BOOK REVIEW

EAROCHELLE, A. 1975. Les Carabidae du Quebec et du Labrador. Departement de Biologie

du College Bourget, Rigaud. Bulletin I. 255 pages. Reproduction multilith, binding soft covers.

Price $1 5.00 Canadian. (Available from the author, College Bourget, C.P. 1000, Rigaud, Que-

bec, JOP IPO).

This publication is based on Lindroth’s magnificent “Ground-Beetles (Carabidae excl.

Cicindelinae) of Canada and Alaska” (1961-1969, Opuscula Entomologica, supplements 20,

24, 33, 34 and 35), and on new information assembled by Father Earochelle and a group of

young amateur entomologists inspired by him.

This guide provides the following for the carabid beetles of Quebec and Labrador: detailed

information for each species on synonymy and geographical distribution; abbreviated informa-

tion about habitat, and occurrence of adults during the year; hibernating stage or stages; names

of species that are unrecorded, but may be expected to be resident, and names of species whose

presence in the area has been recorded, but not confirmed subsequently. The total number of

species known from the area is 439, 56 more than were known in 1969. Knowledge of distri-

butions of most species has been increased substantially.

Virtues of this work are numerous, of which the following are the most important. Distri-

bution and reference data are presented in a highly condensed form by means of a simple num-

erical system, which I recommend for use in other works on systematic biology. The remaining

information is also presented in concise form. There is a map for each species, indicating its

geographical distribution. These are easily located because each has the same identification

number as that of the species name in the annotated list. Unusual for this type of work is the

designation of each locality by coordinates of longitude and latitude to an accuracy of about

one square mile. The synonymic index is helpful, especially to associate with the correct spe-

cies unfamiliar names in old collections. The list of unconfirmed records and potential addi-

tions to the fauna encourage collectors to be alert for specimens representing these species.

This is one of the rare publications in Canada providing information about insects both in

English and French. The table of contents, preface, summary, and directions for use of the

catalogue are in both languages. Thereafter, the author rightly assumes that a minimal know-

ledge of French is adequate.

Some improvements are needed. The title is too general and leads one to think it is a taxon-

omic treatment, complete with keys and descriptions. Addition of the following subtitle would

clarify the nature of the contents: Part I—Distribution, Habitat, and Life History Data. The

distribution maps in aggregate have on them symbols of a variety of shapes to indicate locali-

ties. It would have been better to use one type, only, preferably dots. Some of the habitat
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data are too concise to be useful, such as that for Bembidion subgenus Chrysobracteon:

Father Larochelle writes “edge of rivers and lakes”; I prefer “sandy shores of rivers and lakes”.

For species with obviously disjunct distributions, rather than “south to Gaspe Peninsula”, I

prefer “arctic and subarctic regions, isolated on alpine meadows of the Gaspe Peninsula.”

The following nomenclatural changes are required: Anisotarsus Chaudoir is a subgenus of

Notiobia Perty, Anisodactylus interstitialis Say and A. sericeus are members of Amphasia

Newman, and Anisodactylus lugubris Dejean is a member of Xestonotus LeConte (see Noonan,

G.R., 1973, Quaest. Ent. 1973, 9(4); 266-480); the groups named Platynus and Platynidius,

treated by Father Larochelle as subgenera of Agonum, are included in a separate genus {Platy-

nus) by Whitehead (Quaest. Ent., 1973, 9(4): 173-217).

A list of names of species should have been included whose Quebec-Labrador locality re-

cords are in doubt because of local extinction or mis-identification (for example, Calosoma

marginale Casey, Stomis pumicatus Panzer, Pteroststichus madidus Fabricius, Nebria brevi-

collis Fabricius, and Bembidion guttula Fabricius). A map showing relative intensities of

exploration of different areas would have been useful.

Because of the substantial contributions to this work by serious amateurs, a word on this

topic seems appropriate. Father Larochelle has done much to encourage such persons to do

more than simply build collections, important as this activity is. Those influenced by him

have learned to observe carefully and to take good notes, as is shown in the pages of this

book. Professional biologists should take note, and take a greater role in developing the latent

biological talents among the young people with whom they come in contact. Cooperative

efforts of a large number of interested persons could lead to development of a series of publi-

cations such as Father Larochelle’s, for other groups of insects, and other regions of Canada.

In the absence of such a cadre of dedicated, enthusiastic persons, it will require a very long

time, indeed, to achieve an adequate understanding of the Canadian fauna. Father Larochelle

is to be congratulated, both for encouraging development of amateur entomology, and for

producing this useful volume.

Henri Goulet

Department of Entomology

University of Alberta

Edmonton, Alberta T6G 2E3
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Tanyderid larvae, probably o/Protanyderus, have been found in the middle reaches of the

Old Man, Sheep, Red Deer, Athabasca and Cutbank Rivers of Alberta.

The usual habitat, in shallow, fast flowing water, is ofsand and gravel through which the

larvae burrow.

Live larvae were kept in the laboratory and observations show that they move over surfaces

by pulling the body forward with the head and pushing with the posterior pseudopods. Burrowing

involves the head, but also waves of contraction passing forward along the body. The filamentous

tracheal gills are sometimes held above the substrate.

The external structures of representative larvae are described and figured with SEM micrographs.

Older larvae are amphipneustic, but probable second instar larvae are rnetapneustic with apparently

non functional spiracles.

Larvae are well adapted for burrowing. Head and mouthparts are heavily sclerotized, and

are scratched and worn; spiracles are flush or below the body wall, which itself is tough and

microsculptured; and the filamentous, terminal gills and the pseudopods can be held together.

Gut and fecal pellet contents show only plant material similar to that in the habitat.

No adult or pupal tanyderids are yet known from Alberta.

Nous avons ddcouvert en Alberta les larves appartenant probablement an genre Protanyderus le long des rivieres suivantes

d mi-chemin de leur source: Old Man, Sheep, Red Deer, Athabasca, et Cutbank.

L’habitat normal est en eau pen profonde et rapide. Le lit consiste de sable et de gravelle dans lequel les larves creusent.

Nous avons gardd en captivitd des larves pour observations. Nous avons notd qu’elles se ddplacent en tirant le corps vers

I’avant avec la tdte et en poussant avec les pseudopodes postdrieurs. La tite et des contraction onduldes vers I’avant le long

du corps participent au creusage. Les ouies trachdales et filamenteuses demeurent quelquefois au-dessus du sol.

Nous avons ddcrit et illustre a I’aide du microscope a balayage electronique les structures externes de larves representatives.

Les larves plus agdes sont amphipneustiques, alors que probablement des larves au deuxieme stade sont metapneustiques et

apparemment sans stigmates fonctionnelles.

Les larves sont bien adaptdes pour creuser. La tdte et les parties mandibulaires sont fortement scldrosdes, dgratigndes et

usdes; Les stigmates sont a la surface ou Idgerement sous la surface du corps qui elle-mdme est dure et microsculpturde; et

les ouies filamenteuses et terminates demeurent ensembles.

Le contenu de I’intestin et les boules fdcales ne montrent que des matiere vdgdtaux semblables a celles trouvees dans leur

habitat.

Nous ne connaissons pas encore la pupe et I’adulte des Tanyderides de VAlberta.

The Tanyderidae or Primitive Crane Flies are a cosmopolitan Family of 1 1 genera and some
36 species. Four genera with 18 species are concentrated in Australasia with only two genera

and four species known from North America (Alexander and Alexander 1967, Colless and

Quaestiones Entomologicae

12: 219-237 1976
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McAlpine 1970). Osten Sacken (1859) included tanyderids in the Tipulidae, but they were

placed in the Ptychopteridae by Handlirsch ( 1 909) and others, until Alexander (1919) on the

basis of wing venation, raised the group to familial status (Williams 1933).
1

Alexander (1930) reported large swarms of adult Protoplasa fitchii (Osten Sacken) occurring

in Quebec, nevertheless tanyderids are considered to be amongst the rarest of all Diptera

(Alexander and Alexander 1967).

Because of the adult wing venation, Tanyderidae are considered to be the most primitive of
j

the nematocerous Diptera (Crampton 1930, Alexander 1930, Williams 1933, Imms 1957, Oldroyd f

1964, Colless and McAlpine 1970 and Hennig 1973). As the larvae might be of considerable
:

phylogenetic importance both Crampton and Alexander expended considerable effort to find

larval Tanyderidae. Crampton (1930) describes their efforts in a fascinating paper, recalling
!

the backbreaking work to find the larvae, and their surprise at seeing that the larvae were not

like they had expected. The larvae are eucephalous, amphipneustic, with six spectacular terminal i

tracheal gills, four anal papillae and two ambulatory pseudopods with hooks (Fig. 1).

No other tanyderid larvae were discovered until Wood (1952) found those of the African
|

Peringueyomyina barnardi Alexander in 1937. These larvae have only short, stumpy terminal

gills.

Rose (1963) assigned one Californian larva to Pro tanydenis vipio (Osten Sacken). Knight

(1963, 1964) described, respectively, the supposed larva and pupa of P. margarita Alexander

from Colorado. Colless and McAlpine (1970) figured the larva of the Australian Eutanyderus

wilsoni Alexander, and Hinton (1966) described the pupal gill derived from that material which

was originally collected in 1964 and 1965 (Colless, in lift. 1975). One large larva, probably

of Protanydenis, was collected in 1957 from the same stream as was the larval/*, vipio and

deposited in the U.S. National Museum, but not reported (P.D. Hurd, in lift. 1975). Two
other tanyderid larvae from the Cache la Poudre River, Colorado, 1973 are known (H.E. Evans,

pers. comm, and in lift. 1975).

Apart from the Protoplasa fitchii material from Quebec, there appears to be only one other

record of Canadian Tanyderidae, a single adult of P. margarita from Seton Lake, British Columbia,

collector J. McDunnough, 1933 (Canadian National Collection. G. Shewell, in litt. 1974).

It was exciting therefore when five larval tanyderids were collected in Alberta by R.C.B.

Hartland-Rowe, Department of Biology, University of Calgary, from the Sheep River, Turner

Valley, in 1972, and two larvae were collected from the Cutbank River, Alberta, by F. Bishop,

Regional Fishery Biologist, Alberta Department of Recreation, Parks and Wildlife, Peace River,

in 1973. In 1974 a series of tanyderid larvae from the Old Man and Red Deer Rivers became

available via K. Exner, Department of Environment, from a Macrobenthic Fauna Survey of

Alberta Rivers (Reynoldson 1974, Briggs 1975). K. Depner, Canada Agriculture, Lethbridge

recovered tanyderid larvae from the Athabasca River during the Athabasca Blackfly Research

Program in 1974. Details of the above sites are given below.

As no pupae or adults have yet been associated with the Alberta larvae, the taxonomic position

of this material is not clear. Map 1 shows that Protoplasa is restricted to northeastern North

America and Protanydenis to the west. However, unlike the larvae and pupae ot Protoplasa

fitchii which were associated by rearing to adults of that species (Alexander 1930, Crampton

1930), the supposed immatures oi Protanydenis vipio and/*, margarita were not thus associated

(Rose 1963, Knight 1963, 1964), and morphological discrimination of larvae of the two genera

is difficult at present because of paucity of material. But Protoplasa larvae lack the sclerotized

knob above the antenna which is variously developed in the supposed larvae of Protanydenis

and in the Alberta material, and larval Protoplasa have fewer pseudopod hooks than the other

larvae.

As Alberta larvae are morphologically more similar to the supposed larvae of Protanydenis
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than to those of Protoplasa, and since only Protanyderus is known from the West, the Alberta

larvae are probably of Protanyderus. The distribution of Protanyderus margarita (Map 1)

further suggests that the Alberta larvae may be of that species.

The discovery of tanyderid larvae in larger rivers is surprising, for, with the exception of

larval Eutanyderus wilsoni which inhabit the surface of rotten logs in cold streams (Colless,

in litt. 1975), the other tanyderid larvae have been found in smaller gravely streams. Therefore,

a rather detailed description of the Red Deer River habitat (Fig. 2, 3) is given so that biologists

working in similar habitats may be alerted to the possibility of tanyderid larvae occurring there.

Detailed descriptions of the external form and structure of the Alberta tanyderid larvae are

given here to provide a basis for comparison with larvae of other tanyderid genera. Description

of the internal structure of the larvae is in progress and will be used in a detailed comparative

account on tanyderid larvae to be published later elsewhere.

MATERIAL AND METHODS

Material was obtained from the following Alberta localities (Map 1);

Old Man River. (Collector, Department of Environment). - Fort MacLeod Bridge, Highway #2. 16 April, 1974; 21 April,

1975. Monarch Bridge, Highway ^3. 23 October, 1974.

Sheep River, Turner Valley. (Collector, Hartland-Rowe). - Western Decalta, Turner Valley Gas Treatment Plant. 25 October;

14 November, 1972.

Red Deer River. (Collectors, Department of Environment and/or Craig). - Raven River (2.4 km upstream of confluence).

12 June, 7 August, 17 September, 1974; 19 July, 12 August, 1975. Raven River Confluence. 12 June, 1974, 7 August, 1975.

Innisfail Bridge (0.94 km downstream). 14 May, 17 May, 10 July, 18 October, 1974; 16 May, 25 May, 12 June, 9 August,

1 1 August, 1975. Dickson Camp Site, 13 June, 1974; 9 July, 1 1 August, 1975. Dickson Camp Site (3.4 km downstream).

23 June, 1974. Dickson Camp Site (11.0 km downstream) 24 June, 1974; 12 August, 1975. Dickson Camp Site (15.2 km

downstream). 12 August, 1975.

Athabasca River, (Collector, Depner). — 19 km upstream Athabasca Township, 28 May, 1974. 90 km upstream Athabasca

Township, 11 July, 1974.

Cutbank River (Collector, Bishop). - 23 May, 1973.

Two main collecting techniques were successful. Exner used a stainless steel cylinder with

a cross sectional area of 0.093 square meters (1 sq. ft.). This was pushed into the substrate and

the entrapped material disturbed to a depth of about 1 5 centimeters. The dislodged material

was caught in a 210 pm net attached on the downstream side of the cylinder (Reynoldson,

1974). Craig used 0.7 mm mesh drift nets and disturbed the substrate upstream of the nets for

a few meters with a spade. Samples were made in swift, shallow water to a maximum depth of

45 cm. From a standard five samples usually only one or two larvae were recovered. Once four

larvae were recovered from a single sample with a drift-net. Large numbers of many other aquatic

insects were recovered in the samples. Other collectors disturbed the substrate and caught dis-

lodged material with a long-handled dip net.

Some material was fixed in isopropyl alcohol, and in alcholic Bouins fixative. Normal tech-

niques were used for light microscopy. Three larvae were examined using SEM techniques

described by Craig (1974). Figures 16 and 25-36; Figures 8, 17, 18 and 37-39; and Figures 4-7,

9-15 and 19-24 are of specimens from the Cutbank River, and the Dickson and Innisfail sites.

Red Deer River, respectively.

Live material kept well in a Petri dish with a small amount of sand, gravel and detritus at

6 C. Specimens also survived at room temperature (20 C), one for 12 months, in vials with

two inches of sand and gravel with water. None have grown larger.

Where applicable the terms of Knight and Laffoon 1973, Anthon 1943 and Hennig 1973

are used.

A permament record of larval behaviour was made with a Super-8 cine camera.

Quaest. Ent., 1976 12 (3)
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HABITAT
I

The Red Deer River is a major Alberta stream (mean discharge at Red Deer 51.25 m^/sec.),

with headwaters in the Rocky Mountains northeast of Lake Louise, Banff National Park.

At the city of Red Deer the river is ice-covered for approximately 1 58 days of the year
|

(mean freeze-up Nov. 6; mean break-up April 13). It is 20-30 m wide during the summer, with
j

a maximum depth of 1.5 m. The river valley is stream cut and forested with white spruce and
|

aspen poplar. Willow thickets intervene in floodplain areas. The channel pattern is one of irregular

meanders with a pool and riffle sequence, and occasional diagonal and mid-channel bars. Bed

material is predominantly gravel. Sieve analysis shows that 90% of the bed material is finer

than 95 mm, 65% is finer than 60 mm and 50% is finer than 48 mm. (Kellerhals 1972).

The Innisfail site (Fig. 2), where the largest collections of larvae were made (32.6 km upstream
'

of Red Deer), is characterized by an extensive gravel floodplain along the left bank. Sampling

equipment was easily set in the loosely packed gravel bed (Fig. 3). Although the depth of the

gravel below the streambed is not known, pit-digging a few meters from the water line showed

the gravel to be well saturated, with occasional Chironomidae larvae and Plecoptera nymphs

observed. The area possibly supports an extensive hyporheic community of invertebrates, that

is organisms living in the interstices of the bed material (Schwoerbel 1967). The stream bed has

much detrital material, most of which is woody and probably originates from abrasion of

drifting trees and bush during high water levels, while the remainder is likely leaf litter and

other windblown material.

The pH of the river near the main collecting site is 7. 8-8. 2 (mean 8.0), total alkalinity 190-

250 mg/1, CaC03 and hardness values as CaCOs 200-250 mg/1, total dissolved solids 220-280

mg/1, specific conductance 420-500 umho/cm, average total phosphorous and nitrogen

concentrations less than 0.025 mg/1 and 0.4 mg/1 respectively, mean dissolved oxygen concen-

trations from December to March approximately 9.5 mg/1 (Briggs 1975).

The Old Man Riv^r at Fort MacLeod has a shorter ice cover period (approximately 125 days),

and a lower flow rate (mean discharge 38.23 m3/sec.) than the Red Deer River. The bed is not

as rich in detritus as that of the Red Deer River, reflecting the shrub and grass covered valley

walls. The similarity between the two sites is in the bed material. The Old Man River channel

bed is predominantly gravel (90% finer than 101 mm, 65% finer than 0.1 mm, and 50% finer

than 49 mm) which is loosely packed (Kellerhals 1972). The reach near Fort MacLeod is also

associated with a prominent and frequently flooded valley flat. Water chemistry above Leth-

bridge is similar to that at Innisfail. Ranges for the following parameters are: pH 8-8.3, total

alkalinity 145-160 mg/1, hardness expressed as CaC03 175-250 mg/1, total nitrogen, less than

0.2 mg/1, total phosphorous, less than 0.1/mg/l, conductivity 240-325 umho/cm, dissolved

oxygen 10.8-13.7 mg/1 (Konopasek 1972).

The Cutbank River site (Bishop, F. 1973) shows some similarities to the Red Deer and

Old Man sites. The river is smaller, but has forested banks and a substrate mainly of boulders

and sand-silt. Water chemistry analyses show the following values: pH 8.1, total alkalinity

120-239 mg/1, total dissolved solids 90-165 mg/1, nitrate nitrogen 3. 0-9.0 mg/1, total phos-

phate 0.02-0.03 mg/1, and dissolved oxygen 14-15 mg/1.

Other isolated collections of tanyderid larvae have been made in habitats somewhat differ-

ent from those described above. The five larvae from the Sheep River, Turner Valley were

taken from a fine sand-mud substrate in the vicinity of the effluent of a natural gas treatment

plant.

Larvae from the Athabasca River came from a substrate of loose rock and gravel with the

temperatures 11.5 and 16 C respectively and high water velocity.
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MORPHOLOGY: EXTERNAL FEATURES

Larval Instars

A preliminary analysis of larval head-width frequency distribution, number of pseudopod

hooks and presence or absence of spiracles indicates only two larval instars in the Alberta mat-

erial. One larva very much smaller than any other was collected, but unfortunately was lost

before examination.

As most nematocerans have four larval instars (Hennig 1948, Craig 1975), and because of

the single small larva seen and the two other distinct size classes of larvae, we believe that the

material we have represents second and third instar larvae.

Early Instar (2nd?)

Three specimens. Head-width, 0.36 - 0.38 mm, metathoracic width, 0.64 - 0.80 mm, depth, 0.32 - 0.76 mm; total body

length (from behind head to tip of tracheal gill), 10.0 - 11.2 mm; gill length (from posterior spiracle), 2.40 - 3.34 mm.
Generally similar to later instar larvae, but is metapneustic (sections show no trace of the prothoracic spiracles and the

posterior abdominal spiracles to be non-functional). Pseudopods with 14 distal hooks and five basal hooks.

Later Instar (3rd?

)

Head capsule. Greatest width X = 0.60 ±0.05 mm; N = 28. Eucephalous, essentially prognathous (Fig. 4). Massively

sclerotized and heavily pigmented anteriorly (Fig. 5). Posterior head region retracted into prothorax. Posterior arm of

ecdysial suture (Fes.) at least one third (Fig. 21) length head (light microscopy shows this suture to be deeply invaginated,

externally evidenced in Fig. 24). Fateral arms of ecdysial suture divergent at sharp angle toward antennae, but convergent

anteriorly before antennal level and in contact with pits on epistomal ridge (Fpr.) (Fig. 22). Fpistomal ridge (Fpr.) massive,

with four anteriorly projecting lobes above membranous labrum (Fig. 5, 9, 22).

Antennae anterolaterally immediately caudad of mandible. Antennal sclerite heavily sclerotized and raised caudad and

dorsad of antenna (Fig. 4). Two articles, basal one ring-like and only sclerotized posteriorly. Second article twice as long as

wide, with campaniform sensillum (Cmp.) distally (Fig. 7). Large cone shaped apical sensiUum (Aps.) with pores, at least

eight smaller sensilla at its base (Fig. 8). Antenna inserted beneath large sclerotized knob (Fig. 21, 23).

Mandibles massive, pyramidal in shape (Fig. 17). Four apical teeth form narrow spoon-like region (Fig. 18). Median

tooth projects well beyond other teeth, ventral teeth with low profile. Proximal to scoop-like region a slight raised area

(“hakenformiger Versprung” (?) of larval Tipulomorpha and Psychodomorpha, Anthon 1943).

Dorsal articulation massive and produced into elongate rounded knob (size does not show clearly on Fig. 17 due to

foreshortening), ventral articulation also massive and rounded, not elongated.

Prosthecal brush (Pr.) of long fine hairs. Small brush of shorter thicker hairs dorsad and caudad of prostheca. Campani-

form sensillum (Cmp.) distal to dorsal articulation. Two large sensilla on aboral surface, the dorsal one spatulate (Ss.) with

thin flared ends (Fig. 5, 6, 17).

MaxUlae complex, massive, heavily sclerotized. Maxillary palp (Mxp.) one-segmented, at least 11-13 apical sensilla

(Fig. 14) one showing distmet pores (Fig. 15). Sensilla surrounded by rosette of sclerotized projections, sometimes showing

excessive wear (Fig. 16). Campaniform organ (Cmp.) proximal and aboral to rosette (Fig. 14, 16).

Distinct palpiger (Pp.) (Fig. 12). Stipes (St.) with two raised lobes one on either side of palpiger. Campaniform sensillum

(Cmp.) directly below palpiger. Galea (Ga.) with series of teeth on distal edge, adoral sunken brush of hairs and sensilla,

and adoral molar region, large basal lanceolate sensillum (Is.) (Fig. 13). Facinia (La.) of one large lobe with two large curved

sensilla (Fig. 12, 13). Cardo (Ca.) with one large curved sensillum and brush of hairs partly covered by hypostomal teeth

(Hyp.) (Fig. 12).

Labrum membranous, with two lateral palatal brushes (Fig. 5, 9, 19) of curved hairs, pectinate distally (Fig. 1 1). Dorsad

of each brush a group of at least five sensUla (Fig. 22). Dorsad and caudad of this group a single sensillum. Laterad of each

brush an anteriorly directed cuticular projection (T.) (Fig. 5, 6) (Light microscopy shows muscles inserted at this region - it

is probably part of the torma).

Messor (Ms.) (Fig. 10, 11) ventral and caudad of lateral palatal brushes on epipharyngeal surface (Ep.), consists of approx-

imately 12-14 flattened curved spines, some distally serrated. Medial to each messor two cone-like epipharyngeal sensilla

(Eps.)(Fig. 11).

Hypostomium a rectangular plate with curved edges and three-four blunt medial teeth. Expands caudad to articulate with

broad gular sclerite (Fig. 20). Labium not visible externally.

Body. Shape and length variable depending on treatment at time of death. Total body length (from behind head to tip

of tracheal gills), X = 14.5 ±2.9 mm; N = 23. Shape often semicylindrical, (Fig. 3) but mostly dorsoventrally flattened. In

life, body shape highly variable. Body wall translucent in life, with rough, highly dissected, reticulate microsculpture and

spatulate setae (Fig. 36).

Prothorax in two distinct regions (Fig. 25, 27). Spiracle located posteroventrally (Fig. 25). No ambulatory setae. Two

Quaest. Ent., 1976 12 (3)
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pairs of podal hairs, (Pd. Fig. 27, 28; as in other thoracic segments these hairs mark the internal position of the imaginal leg

histoblasts). Spiracle rounded and sunken into pit with central ecdysial scar (Ecds.) (Fig. 26). No apparent openings, but

electron beam penetration indicates thin cuticle (preliminary e.xamination of the internal structure shows the spiracles to be

of Type II, Keilin 1944).

Meso thorax larger than prothoracic segment, not divided (Fig. 29). Two patches of ventral ambulatory setae (Amb.) and

podal hairs (Pd.) (Fig. 29, 30).

Metathorax largest thoracic (and body) segment, as for mesothorax (Fig. 31). Ventral ambulatory setae (Amb.) and podal

hairs (Pd.) (Fig. 32).

Abdomen of nine segments decreasing in size caudad, each with intercalary region, and each divided ventrally (Fig. 33)

into two regions, no ambulatory setae (Fig. 34, 35). Segment 8 with two long filamentous tracheal gills (Trg.) (dissection

and light microscopy shows only a trachea and a nerve in each filament) with spiracle (Sp.) at gill base (Fig. 37). Spiracle as

for prothorax, but with minute pores showing clearly (Fig. 38). Segment 9 dorsal pair of filamentous tracheal gills (Trg.)

(Fig. 3); four anal papillae (Anp.), two on each side of anus, showing polygonal cuticular patterning (Fig. 37); anus slit-like

with large lips dorsoventrally; ventrally, two ambulatory pseudopods (Amp.), with tracheal gill arising before (Fig. 3) the

distal rectractile portion of the pseudopod, which bears 18-23 slender, curved hooks directed ventrally (Dh.) and six - seven

stouter hooks (Bh.) at their bases (Fig. 39).

BEHAVIOUR

Larval behaviour was observed in the laboratory under conditions quite different from those

of the known habitat of the animal. Therefore, these observations should be interpreted with

caution.

At rest, larvae are buried in the substrate with the filamentous terminal tracheal gills often

protruding. Occasionally a small inverted cone-shaped pit is produced by the twisting of the

filaments. The gills are held together in a loose bundle along with the pseudopods and anal

papillae. When the gills are touched or the substrate disturbed the gills are retracted very

rapidly. If the stimulus stops the gills are protruded again within a few minutes. If the stimulus

is continued the larvae will start burrowing deeper into the substrate. When moving over the

substrate the larva usually pulls itself forward with its head. The mandibles and labrum are

retracted and the prognathous head is turned towards the substrate. The epistomal ridge is

forced into the substrate and using this as a fulcrum the thorax is arched, thereby pulling the

abdomen forward. As this happens the tracheal gills and pseudopods are actively held together

forming a fine, streamlined tip to the abdomen. When the maximum forward movement of

the thorax and abdomen has been achieved, the pseudopods and gills spread open and are

pushed against the substrate or the pseudopod hooks grip any object available. This provides

a posterior fulcrum for a forward thrust of the head and thorax. This series of movements is

repeated.

For burrowing, larvae appear to need a point of resistance against which the dorsal thorax

can press. An individual placed on fine sand has great difficulty burrowing, but if a small stone

is present it uses this to force the thorax against, and thence the head into, the substrate. Once

the head and thorax are buried the terminal gills and pseudopods are often held off the substrate

and burrowing appears to be done only with the anterior part of the body. Observations of

larvae in a substrate of clear glass beads showed that waves of contraction, causing the thorax

to expand and contract, move forward along the body during burrowing. These contractions

probably shift the substrate material, thereby allowing the thorax and head room for movement.

Larvae are strongly thigmotactic and when deprived of particulate substrate they thrash

around strongly and rapidly until brought up against suitable material for normal movement.

Movement of Mouthparts

Definitive feeding behaviour of living larvae was not observed but the mouthparts move

repetitively as the animal advances and plant material was constantly mouthed during such

movements.
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The mandibles are restricted to a lateral plane of movement, but could be protracted until

the tips pointed directly forward. The membranous labrum with lateral palatal brushes filled

the dorsal space between the mandibles, swelling and shrinking in perfect unison with the

mandibular movements.

As the mandibles retract, their dorsal edges sweep the epipharyngeal region of the palatal

brushes. The mandibular prosthecal brush sweeps the innermost epipharyngeal region of the

palatal brushes. These prosthecal brushes are probably of considerable importance in feeding.

At full mandibular protraction the prosthecal brushes cross the cibarium, and at full retraction

the brushes must be directed down the cibarium and pharnyx. The lateral palatal and mandibu-

lar prosthecal brushes appear to collect and to push into the pharnyx plant material loosened

by the mandibles.

The maxillae in action are difficult to see but appear to move in unison with the mandibles,

though with far less lateral motion. There may be more involved than this for the sutures

adjacent to the maxillae and hypostomium move a surprising amount, considering the head is

so heavily sclerotized. Certainly the wear of the adoral surface and associated hairs of the galea

(Fig. 13), and the wear of the maxillary palp tip (Fig. 16) indicates that the maxillae are used

in grinding the food.

DISCUSSION

Of particular interest are the spectacular terminal tracheated appendages. Observations in

the laboratory strongly indicate that these structures are gills. They were often kept above

the gravel substrate while the rest of the animal’s body was submerged, but could be rapidly

retracted when the larva was disturbed.

Possession of long tracheal gills and apparently functional amphipneustic spiracles by

third (?) instar larvae is interesting, because the second (?) instar laiwae are only metapneustic

with the spiracles apparently lacking openings. It is generally believed (Hennig 1973) that the

holopneustic condition of Bibionidae larvae is basic to larval Diptera. However, Keilin (1944)

and Hinton (1947) have shown that in larval Diptera the number of spiracles in early instars

is always less than that of later instars. Hinton suggests respiratory requirements as the reason

for this.

Larval Eutanydems wilsoni from Australia lack spiracles, but one larva of an undescribed

Australian tanyderid, supplied by H.B.N. Hynes, is amphipneustic. The implications of pre-

sence or absence of spiracles in tanyderid larvae will be discussed elsewhere at a later date.

Descriptions of larval Protoplasa and Pro tanydenis indicate antennae of three articles.

However, the scanning electron microscope clearly shows pores in the distal structure (Fig. 1 5),

indicating that the last “article” is a sensillum similar to that on the antennae of larval Simuli-

idae (Craig 1975). Therefore there are only two antennal articles. The antennae of the Austra-

lian Eutanydems wilsoni larvae also have two articles and an apical sensillum (pers. obs.). Wood

(1952) showed only one small antennal article with two distinct apical “papillae” in larval

Peringueyoniyina barnardi, but had difficulty in making observations on the very small anten-

nae. Personal observations of P. barnardi larval antennae show two articles, the distal one very

short, and at least three apical sensilla, one larger than the others.

The locomotor behaviour of larvae along the surface of the substrate is unusual. The head

is heavily sclerotized, presumably to resist abrasion against the substrate, evidenced by heavy

scratching of the cuticle on the epistomal ridge (Fig. 5, 22). The mandibles and maxillae are

also worn, (Fig. 13, 16, 18) but it is not known if this is caused by the substrate or by hard

food material.

Several morphological characteristics of tanyderid larvae are worthy of note in relation to

Quaest. Ent., 1976 12(3)
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their burrowing habit. The microsculpture of the body cuticle is very complex with no obvious

reason, except to provide some protection against damage due to abrasion. Although the live

cuticle is virtually transparent it is extremely tough. Likewise the tracheal gills appear delicate

but are hard to damage. Broken gills plugged by black pigment were found in about half the

larvae collected. In some instances the trachea would protrude through the pigment plug. The

antennae are protected dorsally by a heavily sclerotized knob (Fig. 23), which also partly

houses the dorsal articulation of the mandible.

Alexander (1930) commented on the lack of creeping welts on the ventral thorax and abdo-

men of Protoplasa fitchii, but Crampton (1930) describes ambulatory setae on the thorax.

Although there are no distinct raised areas on the ventral thorax and abdomen of the Albertan

tanyderid larvae, the scanning electron microscope shows distinct groupings of caudally directed

setae on the thorax (Fig. 29-32). An ambulatory function seems clear for these setae.

That the head is heavily sclerotized anteriorly with protective devices for the antennae

(Fig. 21, 23) and for the sensilla of the maxillary palp (Fig. 14), and that microsculpture and

setae are in general directed caudad, indicate that larval tanyderids spend much time actively

moving through the substrate. The filamentous tracheal gills and the cephalic hair sensilla are

extremely tougli, and the gills can be manipulated by the larvae to form a streamlined arrange-

ment during burrowing. Indeed, the complete body appears to be well adapted to a burrowing

life in gravel.

Alexander (1930) describes how he and Crampton initially began the search for P. fitchii

larvae in logs submerged in the Pabos river, before finally searching in the gravel. As they

suggested larvae eat vegetable material. Gut contents of three specimens, plus faecal material

from live larvae, show only plant material similar to that found in the substrate. Certainly

the mandibles are well adapted for handling fibrous, woody material. We think that one of

the requirements for tanyderid habitats is the presence of ample organic remains in the sub-

strate such as is found at Innisfail and the Old Man River sites. The only other information on

feeding behaviour is for larval Eutanyderus wilsoni which live in and feed on the rotting sur-

face of logs in Australian high alpine streams (Colless, in lift. 1975). Presumably the Alberta

larvae feed on the detritus in the gravel substrate. Larvae kept in the laboratory were provided

the detritus from the site from which they came, but showed few signs of feeding.

Tanyderidae are clearly widespread in Alberta and, although they are generally considered

rare insects, this is probably due more to the arduous work involved in collecting them than

to their paucity of numbers. The rarity also relates to our imperfect knowledge of their pre-

ferred habitat. Wood (1952) collected some 30 Peringueyomyina barnardi larvae easily from

one locality, while the most we collected was seven in a day. Tanyderid larvae probably use

the hyporheic zone for most of their life. Reports of tanyderid pupal habitats (Alexander

1930, Knight 1964, Wood 1952) suggest that the larvae migrate to the vicinity of banks and

possibly pupate beyond the stream margins. These habitats are included in SchwoerbePs

(1967) definition of the hyporheic zone.

Hyporheic habitats, where they occur, are associated with extensive gravel floodplains

(Stanford & Gaufin 1974, Bishop, J.E. 1973) which are restricted to a particular reach of

river between source and mouth. Upstream of these areas, rivers are characterized by steeper

gradient and rubble type substrates, while downstream they tend to have fewer riffles and

more silty substrate. Tanyderids were collected only in the middle reaches of the Old Man

and Red Deer Rivers, even though collections of invertebrates were made further upstream

and further downstream. However, substrates at other Alberta tanyderid locations indicate

that larvae are not restricted to one type of habitat.
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ABBREVIATIONS

Amb. Ambulatory setae La. Lacina

Amp. Ambulatory pseudopod Lb. Labrum

Anp. Anal papillae Ls. Lanceolate sensillum

Ant. Antenna Mnd. Mandible

Aps. Apical sensillum Ms. Messor

Bh. Basal hooks Mx. Maxilla

Ca. Cardo Mxp. Maxillary palp

Cmp. Campaniform sensillum Pb. Lateral palatal brush

Dh. Distal hooks Pd. Podal hairs

Ecds. Ecdysial scar Pp. Palpifer

Ecs. Ecdysial suture Pr. Prostheca

Ep. Epipharynx Sp. Spiracle

Epr. Epistomal ridge Ss. Spatulate sensillum

Eps. Epipharnygeal sensilla St. Stipes

Ga. Galea T. Torma (?)

Hyp. Hypostomium Trg. Tracheal gill
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Map 1. General distributions of Tanyderidae in North America. Compiled from museum and literature records.
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Pig. 1. Lett lateral view of larval Tanyderidae from Sheep River, Turner Valley. Scale 2 mm. Fig. 2. Red Deer River
flood plain, Innisfail site. Fig. 3. Innisfail site substrate. Scale 15 cm.
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Fig. 4. Right lateral view of head. Scale 100 jUm. Fig. 5. Head, right lateral view, higher magnification. Scale 50 jLftn.

Fig. 6. Right antenna. Scale 20 jUm. Fig. 7. Junction of right mandible, labrum and epistomal ridge. Scale 10 fJtm.

Fig. 8. Antennal sensilla. Scale 50 jUm. Fig. 9. Head, frontal view. Scale 50 jLftn.
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Fig. 10. Lateral palatal brushes and epipharynx, frontal view. Scale 10 /Um. Fig. 11. Messor and epipharyngeal sensilla.

Scale 5 fJm. Fig. 12. Right maxilla, ventral view. Scale 20 fJm. Fig. 13. Galea, adoral view. Scale 10 jUm. Fig. 14. Apical

sensilla, right maxillary palp. Scale 5 /2m. Fig. 15. Pores in globular sensiUum, maxillary palp apex. Scale 0.5 /2m.
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Fig. 16. Excessive wear to maxillary palp apex. Scale 5 jJm. Fig. 17. Right mandible, dorsal view. Scale 50 fJm.

Fig. 18. Mandibular teeth, adoral view. Scale 10 fJm. Fig. 19. Head, ventral view. Scale 100 fJm. Fig. 20. Hypostomium.

Scale 25 jUm. Fig. 21. Head, dorsal view. Scale 100 fJm.
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Fig. 22. Right lateral palatal brush and labral sensilla. Scale 20 jJm. Fig. 23. Right antenna and protective knob.

Scale 20 fJm. Fig. 24. Ecdysial suture, showing invagination of cuticle. Scale 20 jLtm. Fig. 25. Prothorax and spiracle,

left lateral view. Scale 100 jJm. Fig. 26. Left prothoracic spiracle. Scale 10 /4m. Fig. 27. Prothorax, ventral view.

Scale 100 jLfrn.
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Fig. 28. Prothora.x cuticulax microsculpture, ventral view. Scale 20 jLfrn. Fig. 29. Mesothorax, right ventral view. Scale 50 jKm.

Fig. 30. Mesothorax, ambulatory setae. Scale 10 fJm. Fig. 31. Mesothorax, left ventral view. Scale 100 fJm. Fig. 32. Meta-

thorax, ambulatory setae. Scale 20 jJm. Fig. 33. First abdominal segment, right ventral view. Scale 100 jUm.
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Fig. 34. First abdominal segment, setae and microsculpture. Scale 20 fJtm. Fig. 35. Second abdominal segment, right

ventral view. Scale 50 jJm. Fig. 36. Spatulate seta and microsculpture, abdominal segment. Scale 2 fJin. Fig. 37. Bases of

lett pseudopod, anal papillae and tracheal gill. Note spiracle. Scale 100 jUm. Fig. 38. Posterior abdominal spiracle, showing

pores and ecdysial scar. Scale 10 fJm. Fig. 39. Left abdominal pseudopod showing distal hooks. Scale 50 )0m.
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Seventeen species of the Phytomyza Ahictps group and four species of Chromatomyia are

recorded as leaf-miners ofAstereae in the holarctic region. These include seven new species

from North America, as follows: Phytomyza despinosa n. sp. on Aster sibiricusT. ( type-local-

ity Lake Teslin, Yukon Territory), Phytomyza phalangites /7. sp. on ( type-locality Edmonton,

Alberta), Phytomyza astotinensis n. sp. on So\iddigo( type-locality Elk Island National Park,

Alberta), Phytomyza scopulina n. sp. on Erigeron and Solidago ( type-locality Jasper National

Park, Alberta), Phytomyza peregrini n. sp. on Erigeron peregrinus ( type-locality Jasper

National Park, Alberta), Phytomyza ovimontis n. sp. on Erigeron caespitosus (type-local-

ity Kluane Lake, Yukon Territory) and Chromatomyia thermarum n. sp. on Erigeron philadel-

phicus L. ( type-locality Liard Hot Springs, British Columbia). Two names are newly synonymized,

Phytomyza asteribia Hering ( = V. erigerophila Hering) and P. simmi Beiger ( = V. virgaureae

Hering). Phytomyza erigerophila Hering, previously known only from Europe, is recorded in

North America for the first time.

Dix-sept especes du groupe Phytomyza albiceps et quatre especes de Chromatomyia sont signale'es comme mineuses dans

les feuilles des Astereae. Sept especes nouvelles dAm&ique du nord sont indues, tel que: Phytomyza despinosa n. sp. sur

/’Aster sibiricusZ. (localitftype Lac Teslin, Territoire du Yukon), Phytomyza phalangites sp. sur TAstei (localite-type

Edmonton, Alberta), Phytomyza astotinensis /?. sp. sur la Sohdsigo (localitd-type Parc National Elk Island, Alberta). Phytomyza

scopulina n. sp. sur /’Erigeron et Sohdago (localitd-type Parc National Jasper, Alberta), Phytomyza peregrini n. sp. sur T

Erigeron peregrinus ('A/rs/zy (localitd-type Parc National Jasper, Alberta), Phytomyza ovimontis n. sp. sur V Erigeron

caespitosus M/ft. (localitd-type Lac Kluane, Territoire du Yukon) ct Chromatomyia thermarum /r sp. swr /’Erigeron philadel-

phicusE. (localitd-type Thermales de Liard, Colornbie britannique). Deux noms sont de nouveau synonymisds, Phytomyza

asteribia Hering f
= P. erigerophila Hering) et P. simmi Beiger (

= P. virgaureae Hering). Phytomyza erigerophila Hering,

connue seulement d’Europe auparavant, est signalee pour la premiere fois en Ame'rique du nord.

Siebzehn Arten der Phytomyza albiceps-Gn/ppe und vier Chromatomyia-Arte« werden als Blattminierer von Astereae

besproclien. Enter diesen sind folgende sieben nordamerikanisclie Arten neu: Phytomyza despinosa n. sp. an Aster sibiricus

L. (Fundort des Typus: Lake Teslin, Yukon Territorium), Phytomyza phalangites n. sp. an Aster (Fundort des Typus:

Edmonton, Alberta), Phytomyza astotinensis n. sp. an Solidago (Fundort des Typus: Elk Island Nationalpark, Alberta),

Phytomyza scopulina n. sp. an Erigeron und Solidago (Fundort des Typus: Jasper Nationalpark, Alberta), Phytomyza pere-

grini n. sp. an Erigeron peregrinus (Pursli) (Fundort des Typus: Jasper Nationalpark, Alberta), Phytomyza ovimontis n. sp.

an Erigeron caespitosus Mnt. (Fundort des Typus: Kluane Lake, Yukon Territorium) und Chromatomyia thermarum

n. sp. an Erigeron philadephicus L. (Fundort des Typus: Liard Hot Springs, Britisch Kolumbien). Zwei Namen werden neu

synonymisiert: Phytomyza asteribia (
= P- erigerophila E/e/-/ng)l und P. simvai Beiger ( =P. virgaureae Hering). Phyto-

myza erigerophila //cmzg, bisher nur aus Europa bekannt, wird erstmals fur Nordamerika nachgewiesen.

In this paper I continue the revision of Compositae-miners of the Phyotrnyza albiceps group

initiated in Parts II, VI and VIII of this series (Griffiths, 1972, 1974b & 1974d) by treating

the species known from Astereae. The Chromatomyia miners of Astereae are also treated.

This revision has resulted in reduction in the number of European species recognized througli

two new synonymies, but I am able to increase the total for North America by describing seven

new species from my own breedings and recording one species previously known only from

Europe {Phytomyza erigerophila Hering). This is the only species treated here which has been

confirmed to have a holarctic distribution. But others will doubtless be added when the fauna

of Eastern Siberia is investigated.
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In writing this paper I have tried to consider all relevant information in the European,

Japanese and North American literature. Certain records of leaf-mines and immature stages

in Central Asia and India are
,
however, omitted from consideration, since it is premature to

speculate on their identity when no adult flies have been obtained.

This paper includes a complete set of figures of the leaf-mines of North American species,

but not of European species since good figures are already available in the literature.

The large taxa and En'geron, as presently delimited, include some diverse components

and will doubtless be further revised. They clearly do not represent faunal units (groups of

plants supporting substantially the same fauna of phytophagous insects), since I have not found

any species whose host range seems coincident v/ith Aster and Erigerou in the present sense.

Some host vicariance on different species of these “genera” is apparent (notably Phytomyza

asterophaga Spencer on Aster conspicuus Lindl., sister-species of P. ciliolati Spencer on certain

oiliQv Aster species; and Chromatornyia thermarum n. sp. on Erigeron philadelphicus L., sister-

species of C erigerontophaga (Spencer) on certain oi\\QX Erigeron species); and there are two

cases of species whose host range combines parts of these “genera” with some other component

(Phytomyza erigerophila Hering on sqnqxA Erigeron species and Aster amellus L., andP. scopulina

n. sp. on certain Erigeron species and Solidago).

The botanical nomenclature followed in this paper for European species is non-controversial

and needs no special comment. Eor North American species I have generally followed Hulten

(1968) and Moss (1959), except that I insist on listing Erigeron debilis (Gray) as a full species,

not as a “variety” of E. acris E. The floral characters of this plant are distinct from those of

Erigeron acris L. subsp. politus (E. Eries) (
= var. asteroides in Moss’ sense), it has a different

growth form and occupies a different habitat. The (no doubt incorrect) inclusion of E. debilis

under £. acris is entomologically quite misleading, since my impression from extensive field

work on Mount Cavell is that it supports a different mining fauna. Another difference between

my nomenclature and that of Moss’ (1959) Elora of Alberta is that I follow Hulten in listing

the plant called Solidago lepida DC. by Moss as S. canadensis L.

See the first paper of this series (Griffiths, 1972a) for explanation of certain terms and

abbreviations used throughout. The holotypes of all new species described here will be deposited

in the Canadian National Collection (Ottawa).

DIAGNOSIS

The key to North American species of thQ Phytomyza albiceps group presented in Part VI

(Griffiths, 1974b: 105) has required considerable expansion and amendment to incorporate

eiglit additional species treated in this paper (six described as new, one previously known only

from Europe, and Phytomyza ciliolati Spencer which can now be included in the key following

study of males). The amendments to incorporate these eight species have been consolidated

with those previously proposed in Part VIII (Griffiths, 1974d), where two new species of this

group were described. A short amendment to the key to North American species of Chrorna-

tornyia (Griffiths, 1974a: 39) is also needed to incorporate one new species.

Keys with holarctic coverage to Phytomyza and Chromatornyia mines on the four groups of

Astereae from which most of the material treated here was obtained {Aster, Beilis, Erigeron

and Solidago) are also presented below. In using these keys, it should be appreciated that they

include only part of the agromyzid fauna, since these plants also support leaf-mining species of

Ophiornyia, Nerrwrimyza, Calyconiyza, Liriomyza and Napornyza.
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Consolidated Amendments to Key to North American Species oi Phytomyza albiceps Group

6. (5) Aedeagus with pigmented distiphalliis well developed (Fig. 24). Costal section mg^

less than 2.5 times as long as mg4 6a

— Aedeagus as figured by Griffiths ( 1973, Fig. 7); distal section with only weak traces

of terminal pigmentation (distiphalliis). Costal ratio mg
2
/mg4 3.4-3. 5

P. sitchensis Griffiths

6a. (6) Frons largely ochreous yellow to brown, becoming clear yellow to whitish poster-

iorly on either side of contrastingly black ocellar plate. Aedeagus as figured by

Griffiths (1974d, Fig. 15), with sclerites of medial lobe conspicuously angled near

P. demissa Spencer

— Frons dark brown, not contrastingly paler than black ocellar plate. Aedeagus as

Fig. 24, with sclerites of medial lobe more uniformly curved

P. ovimontis n. sp., p. 255

10. (9) Aedeagus as Fig. 25, with left basal sclerite short (less than half as long as right basal

sclerite) and medial lobe absent P. erigerophila Hering, p. 256

— Left basal sclerite of aedeagus about as long as right; medial lobe with conspicuous

sclerites 10a

10a. (10) Aedeagus as Fig. 1, with row of 4-6 short spinules on area of weakly pigmented

sclerotization confluent with right basal sclerite at base of basal section; distal section

Linpigmented or with patches of weak pigmentation 10b

— Aedeagus not as above; spinules absent or distributed otherwise 10c*

lOb.(lOa) Distal section of aedeagus with distinct patches of pigmentation (Fig. 1). Wing length

d, 2.35-2.5 mm; 9, 2.4-2. 8 mm P. asterophaga Spencer, p. 244

— Distal section unpigmented or at most with pair of weak spots on terminal tubules

and small basal spot (Fig. 4). Wing length: d, 2.0-2.25 mm; 9, 2. 1-2.4 mm
P. ciliolati Spencer, p. 245

10c. (10a) Distal section of aedeagus without terminal pigmentation (distiphalliis) lOd

- Distal section of aedeagus with terminal bifid area (distiphalliis) pigmented ... 16

10d.( 10c) Aedeagus as Fig. 17, with band of 15-20 spinules on basal section. Centre of frons

brownish anteriorly, becoming yellow posteriorly

P. solidaginophaga Sehgal, p. 252

— Aedeagus not as above. Centre of frons entirely yellow 11

17. (16) Aedeagus as figured by Spencer (1969, Fig. 452), with strips of sclerotization below

main sclerites of medial lobe; pigmented terminal tubules (distiphalliis) short

P. lanati Spencer

— Aedeagus without strips of sclerotization below main sclerites of medial lobe; pig-

mented terminal tubules (distiphalliis) long and conspicuous 17a

17a. ( 17) Sides of mesonotum broadly yellow. Aedeagus as Fig. 8-9

P. solidaginivom Spencer, p. 246

— Sides of mesonotum dark. Aedeagus as Fig. 5-6 .... P. despinosa n. sp., p. 246

18. (16) Aedeagus as Fig. 10, with spinules arranged in two dorsal groups, one along margin

of left basal sclerite and one on area of fusion of basal sclerites 18a

- Aedeagus with spinules arranged otherwise 1 8d

18a. (18) Sides of mesonotum extensively yellowish 18b

— Sides of mesonotum dark 18c

18b. ( 1 8a)Mesopleuron yellowish only on dorsal quarter; other pleura largely dark, with pale

* See also the new species described in the Postscript.
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coloration only along sutures. Aedeagus as Fig. 10. Wing length: 6, 2. 3-2. 7 mm;

9, 2.4-2. 9 mm P. phalangites n. sp., p. 247

- Mesopleuron yellowish on dorsal third; anterior parts of pteropleuron also pale in

most specimens. Distal section of aedeagus as Fig. 13, with pigmentation extending

further basally as pair of ventral stripes. Wing length: d, 2. 2-2. 3 mm; 9, 2.5 mm . . .

P. astotinensis n. sp., p.

18c. (18a)Frons largely orange-yellow, with orbits at most infuscated along eye margins; face

yellow at sides, infuscated only in antennal pits. Costal ratio mg
2
/mg4 2. 1-2.7 (mean

2.4) P. scopulina n. sp., p. 249

Frons deep orange-yellow to orange-brown centrally, with orbits largely ochreous

to brownish; face entirely infuscated. Costal ratio mg
2
/mg4 2. 0-2. 3 (mean 2.2) . . .

P. peregrini n. sp., p. 250

1 8d. (1 8) (as previous couplet 1 8)

21. (19) Sides of thorax extensively yellowish white. Aedeagus as figured by Griffiths (1974d,

Fig. 4-5), with compact row of spinules on left side of basal section

P. alaskana Griffiths

— Thorax largely dark 22

22. (21) Aedeagus as figured by Griffiths (1972b, Fig. 1-2), with spinules in dense lateral

patches on distal half of basal section. Costal ratio mg
2
/mg4 2. 8-3.4

P. alpina Groschke

— Aedeagus as figured by Griffiths ( 1 974d, Fig. 1 8-19), with spinules of basal section

mostly arranged in long row. Costal ratio mg
2
/mg4 1 .9-2. 1

P. saxatilis Griffiths

Amendment to Key to North American Species of Chromatomyia

4. (2) Third antennal article somewhat enlarged (height 0.4-0.45 times eye height). Male

genitalia as Fig. 3 1-36 4a

- Third antennal article not enlarged 5

4a. (4) Costal ratio mg
2
/mg4 1.0- 1.3. Centre of frons dark brown anteriorly. Aedeagus as

Fig. 31 C. erigerontophaga (Spencer), p. 261

— Costal ratio mg
2
/mg4 1.5- 1.9. Centre of frons ochreous yellow to orange-brown

anteriorly. Aedeagus as Fig. 35 C. thermarum n. sp., p. 263

Key to Phytomyza and Chromatomyia Mines on Aster

1 Puparia formed inside leaf, with anterior spiracles turned downwards, projecting

through epidermis 2

F Puparia normally formed outside leaf '4

2 (1) Mine blotchy terminally. Europe. On A. alpinus L

Phytomyza pieninica Nowakowski, p. 255

2' Mine entirely linear .... {Chromatomyia syngenesiae group) 3

3 (2') Posterior spiracles of third instar larva and puparium with 24-33 bulbs. Europe. On

A. tripolium L Chromatomyia asteris (Hendel), p. 260

3' Posterior spiracles of third instar larva and puparium with 6-12 bulbs. Old World.

Chromatomyia horticola (Goureau), p. 261

4 (T) Mine primary blotch, in many cases communal formed by feeding of more than

one larva (Fig. 39). North America Phytomyza phalangites n. sp., p. 247

4' Mine basically linear, at most with secondarily blotchy areas formed by convoluted

linear channels 5
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5

5'

6

6
'

7

r
8

8
'

9

9'

(4') Faeces deposited more or less continuously in conspicuous black thread (Fig. 38).

North America Fhytoinyza ciliolati Spencer, p. 245*

Faeces deposited as particles or in short beaded strips 6

(5') Mine 17-22 cm long (Fig. 37). North America. On A. conspicuus Lindl

Phytomyza asterophaga 'SyQncQv, p. 244

Mine shorter. On other species of Aster 7

(6') Puparia very small, 1.4-1.75 mm long. Europe. On A. amellus L

Phytomyza erigerophila Hering, p. 256

Puparia normally larger 8

(7') Faeces deposited in beaded strips on alternate sides of mine (Fig. 41). North America

Phytomyza solidaginivora Spencer, p. 246

Faeces deposited as discrete particles 9

(8') On A. bellidiastnim (L.). Europe Phytomyza hoppi Hering, p. 254

On A. sibiricus L. North America Phytomyza despinosa n. sp., p. 246

Key to Phytomyza Mines on Beilis

1 Posterior spiracles of third instar larva and puparium very large, with 3 1-44 bulbs.

Japan P. japonica Sasakawa, p. 255

F Posterior spiracles of third instar larva and puparium with 12-23 bulbs. Europe . . .

2

2 (F) Mine entirely linear P. virgaureae Wiring, p. 251

2' Mine linear at origin, but soon broadened into blotch. P. bellidina Hering, p. 253

Key to Phytomyza and Chromatomyia Mines on Erigeron

1 Puparia formed inside leaf, with anterior spiracles turned downwards, projecting

through epidermis . . . {Chromatomyia) 2

F Puparia normally foiTned outside leaf {Phytomyza albiceps group) . . 4

2 (1) Earva feeding mainly in petiole and basal part of midrib, in most cases entering

more than one leaf to complete development; mine channels in leaf parenchyma,

when present, radiating from base of blade (Fig. 48-49). North America

. . . .{Chromatomyia erigerontophaga group) 3

2' Larva forming continuous linear mine in leaf parenchyma, normally not entering

petiole. Old World Chromatomyia horticola {Gour&au), p. 261

3 (2) On E. philadelphiciis L Chromatomyia thermarurn n. sp., p. 263

3' On small arctic species of Erigeron

Chromatomyia erigerontophaga (Spencer), p. 261

4 (F) Mine primary blotch (Fig. 46). Yukon. OnE’. caespitosus Nutt

Phytomyza ovimontis n. sp., p. 255
4' Mine linear at least initially. On other species of Erigeron 5

5 (4') On £. peregrinus (Pursh). North America. . . Phytomyza peregrini n. sp., p. 250

5' On other species of E’ngcron 6

6 (5') Puparia small, 1.4-1.75 mm long. Holarctic

Phytomyza erigerophila Hering, p. 256

6' Puparia mostly larger, 1. 7-2.0 mm long. North America

Phytomyza seopulina n. sp., p. 249

Key to Phytomyza Mines on Solidago

1 Europe 2

F North America 3

* See also the new species described in the Postscript.
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1

3

3'

4

4'

(1) Mine 6-9 cm long, with exit slit in most cases on upper surface of leaf. Puparia 1.65-

1.75 mm long P. solidaginis RQn(^Q\, 258
Mine 10-12 cm long, with exit slit on lower surface of leaf. Puparia 1.8-2. 2 mm long

P. virgaureae Hering, p. 251

(!') Mine gradually widening linear-blotch (Fig. 44). Larvae feeding in late vii-viii

P. scopulina n. sp., p. 249

Mine entirely linear (Fig. 42-43) 4

(3') Larvae feeding in vi P. solidaginophaga Sehgal, p. 252

Larvae feeding in viii-ix P. astotinensis n. sp., p. 248

TREATMENT OF SPECIES

(a) The Phytomyza albiceps group

The Astereae support a rich fauna of species belonging to the Phytomyza albiceps group, in

the sense proposed in my discussion in Part II (Griffiths, 1972b: 380). These are mostly rather

typical members of the group in respect of structure and life-history. Two species whose aedea-

gus is highly modified with reduced sclerotization (P. erigerophila Hering and P. solidaginis

Hendel) must surely also be included as apomorphous members of the P. albiceps group, since

the presence of a row of spinules on the basal section of the aedeagus is a feature otherwise

found only in members of this group. Deviation from the normal practice of leaving the mine

before puparium formation is shown by one species {P. pieninica Nowakowski).

Phytomyza asterophaga Spencer 1969

Phytomyza asterophaga Spencer. Spencer, 1969: 230. Holotype 6, Wabamun (Alberta), in

K. A. Spencer’s collection.

Adult. — Head with orbits not or only slightly projecting above eye in lateral view; genae in middle 0.25-0.35 times eye

height; eyes with only sparse fine pubescence. Frons at level of front ocellus about twice width of eye. Only one ors (pos-

teriorly directed) present; two strong ori (inwardly directed), anterior half to almost fully as long as posterior (also short

third ori on one side in two females); orbital setulae more or less one-rowed. Peristomal margin with vibrissa and 2-5 upcurved

peristomal setulae. Third antennal article rounded distally, with short fine pubescence.

3 -I- 1 dc; mesonotal setulae rather long; acr in 3-5 rows; 5-1 1 presutural ia; 3-7 postsutural ia; inner pa about 0.33 as long

as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg
2
/mg4 2.6-3.05 (mean 2.8). Wing length: 6 , 2.35-2.5 mm; 9, 2.4-2. 8 mm

(mean 2.6 mm).

Frons largely clear yellow, with ocellar plate and vertex contrastingly black (vte on dark ground; vti on boundary between

dark and pale ground); orbits clear yellow, at most with faint traces of infuscation around bases of orbital setae. Face largely

infuscated. Genae yellow. Occiput black. Antennae with first article brown to dark brown, second and third articles black.

Palpi black; labella yellow. Thorax almost entirely dark, strongly grey-dusted (only weakly shining); mesonotum with traces

of pale coloration only at corners of humeral calli; mesopleuron with narrow whitish dorsal band along notopleural suture;

seam of mesopleural suture whitish; wing base and squamae yellowish white, latter with dark fringe. Legs with coxae, trochanters

and femora largely dark, with tips of femora contrastingly yellow; tibiae and tarsi yellow-brown to dark brown. Abdomen

largely dark brown. Basal cone of ovipositor (9) grey-dusted on dorsal surface on basal third to half.

Male postabdomen with 8th sternum fused with 6th tergum. Telomeres represented by densely setulose apical lobes of

periandrium, not delimited by suture. Pregonites large, scarcely pigmented, extending ventrally (shielding base of aedeagus

at rest). Aedeagus as Fig. 1-2; basal sclerites long and narrow, slightly sinuate; row of 4-6 short spinules on area of weakly

pigmented sclerotization (confluent with right basal sclerite) at base of basal section; sclerites of medial lobe fused distally,

forming slender symmetrical V in ventral view, appearing distinctly recurved in lateral view; distal section with pair of divergent

terminal tubules (distiphallus) arising from cylindrical area of sclerotization about ejaculatory duct, partly unpigmented but

with distinct patches of weak pigmentation at base and distally. Ejaculatory apodeme as Fig. 3.

The aedeagus has previously been figured by Spencer (1969).

Puparium and third instar larva. - Mandibles with two alternating teeth; right mandible longer than left. Anterior spiracles

with two short horns, with 9-12 bulbs in widely open ellipse; posterior spiracles on short conical projections, only slightly

raised above level of last segment, with 12-15 bulbs in broad oval ellipse (nearly circular in some specimens). Puparia dark

brown to black, 2.0 - 2.1 mm long, with prominent anal lobes.
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Mine. - Larvae leaf-miners on Aster conspicuus Lindl. Mine (Fig. 37) entirely linear, 17-22 cm long, 1.5 - 2.5 mm wide

terminally; faeces deposited mostly as fine particles along sides of mine, in some cases partly forming short beaded strips or

threads; mine formed largely on upper surface of leaf (where appearing whitish in reflected light when fresh), but with initial

channel on lower surface; larvae leaving leaf through semicircular slit on lower surface before puparium formation.

The mine has previously been figured by Spencer (1969).

Material examined. - 2 dd 8 99 from larvae 18-22.vi.71 on Aster conspicuus Lindl., Elk

Island National Park, Alberta, emerged 9-1 l.v.72, leg. G. C. D. Griffiths.

Remarks. - The only previously recorded specimens are Spencer’s (1969) types bred from

larvae collected l.vii.66 on Aster conspicuus Lindl. at Wabamun (Alberta). This species seems

confined to Aster conspicuus in Central Alberta, being replaced on other Asters by its sister-

species P. ciliolati Spencer. The mines appear early in the season, and there is only a single

generation a year.

In addition to the localities stated above, I can confirm that this species is common in

ravines and the river valley in the City of Edmonton.

Phytomyza ciliolati Spencer 1969

Phytomyza ciliolati Spencer. Spencer, 1969: 234. Holotype 9, Wabamun (Alberta), in K. A.

Spencer’s collection.

Adult. - As described iox P. asterophaga, except as follows.

Genae in middle 0.2 - 0.3 times eye height. Normally only one ors (as in asterophaga), but posterior ors present at least

on one side in three specimens (including one male with two equal ors on one side, but only one ors on the other); variation

of ori as in asterophaga (with short third ori on one side in one male). 2 - 6 upcurved peristomal setulae. 5 - 9 presutural ia;

3 - 8 postsutural ia. Costal ratio mg
2
/mg4 2.2 - 2.75 (means; d, 2.35; 9, 2.55). Wing length: d, 2.0 - 2.25 mm (mean 2.15

mm); 9, 2.1 - 2.4 mm (mean 2.2 mm).

Orbits distinctly infuscated along eye margins in most specimens (but entirely yellow, as m asterophaga, in a few). Meso-

notum in some specimens with traces of whitish or light brown coloration in sutural triangle and on postalar callus (but in

others not paler than described for asterophaga).

Aedeagus with pigmentation of distal section further reduced (Fig. 4), either entirely absent or consisting at most of pair

of weak spots on terminal tubules (distiphallus) and small basal spot. Ejaculatory apodeme in most specimens as in asterophaga,

but narrower in the specimen bred from Aster puniceus L.

Puparium and third instar larva. - Similar to those of P. asterophaga, but smaller and with, on average, more numerous

bulbs on posterior spiracles. Anterior spiracles with 11-12 bulbs; posterior spiracles with 15-21 bulbs. Puparia 1.5 - 1.8 mm
long.

Mine. - Larvae leaf-miners on Aster. Mine (Fig. 38) entirely linear, 10-13 cm long, 1.5-2 mm wide terminally; faeces

deposited more or less continuously in conspicuous black thread; mine formed largely on upper surface of leaf (where

appearing white or greenish white in reflected light when fresh), but with inconspicuous initial channel on lower surface;

larvae leaving leaf through semicircular slit, in most cases on lower surface, before puparium formation.

The mine has previously been figured by Spencer (1969).

Material examined. — 2 66 from larvae 4-29.vii.71 on Aster ciliolatus Lindl., Elk Island

National Park, Alberta, emerged 25.vii & 1 l.viii.71, leg. G. C. D. Griffiths; 1 d from larva 1.

vii.71 on Aster puniceus L., same locality, emerged 19.vii.71, leg. G. C. D. Griffiths; 5 99

from larvae 7.viii.71 on Aster laevis L., same locality, emerged 22-28. viii. 71 and 1 l.v.72 (1 9),

leg. G. C. D. Griffiths; 1 9 from larva 20.vii.75 on Aster modestus Lindl., same locality, emerged

6.viii.75, leg. G. C. D. Griffiths. 2 66 from larvae 12.ix.73 on Aster hesperius Gray, Opal Sand-

hills (near Redwater), Alberta, emerged 25. iv & 23.V.74, leg. G. C. D. Griffiths.

Remarks. — The only previously recorded specimen is Spencer’s holotype (9) bred from

larvae collected l.vii.66 on Aster ciliolatus Lindl. at Wabamun (Alberta). The apomorphous

aedeagal structure clearly indicates that this species is the sister-species of P. asterophaga, from

which the adult differs mainly in respect of smaller size and lower costal ratio, as well as the

virtual absence of pigmentation on the distal section of the aedeagus. A few other differences

suggested by Spencer have not been confirmed by my additional material. The mines oi P.

ciliolati are very characteristic, and can be readily identified in the field. Unlike asterophaga,

P. ciliolati is multivoltine with 2-3 generations a year in Central Alberta.
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In addition to the localites stated above, I can confirm that this species is common in ravines

and the river valley of the City of Edmonton on the four host-plants listed above.

Phytornyza despinosa new species

Adult. ~ Head with orbits not or only slightly projecting above eye in lateral view; genae in middle 0.2 - 0.3 times eye

height; eyes with only sparse fine pubescence. Frons at level of front ocellus about twice width of eye. Ors directed poster-

iorly, ori directed inwardly; posterior ors 0.5 - 0.8 times as long as anterior ors; normally two ori, anterior 0.3 - 0.5 times as

long as posterior (with additional short third pair of ori in one female); orbital setulae more or less one-rowed. Peristomal

margin with vibrissa and 3-5 upcurved peristomal setulae. Third antennal article rounded distally, with short fine pubescence.

3 + 1 dc; mesonotal setulae rather long; acr in about 4 rows; 7-12 presutural ia; 5-7 postsutural ia; inner pa about 0.33 as

long as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg^/mg^: 6 , 2.1; 9 ,
2.45-2.5. Wing length; 6 , 2.6 mm; 9 ,

2.8 - 2.95 mm.

Frons largely clear yellow, with ocellar plate and verte.x contrastingly black (vte on dark ground; vti on boundary between

dark and pale ground); orbits yellow, at most with traces of infuscation around bases of orbital setae. Face largely yellow,

only weakly infuscated in antennal pits. Genae yellow. Occiput black. Antennae with first article brown to dark brown,

second and third articles black. Palpi black; labella yellow. Thorax almost entirely dark, strongly grey-dusted (only weakly

shining); mesonotum with traces of pale coloration only at corners of humeral calli; mesopleuron with narrow whitish dorsal

band along notopleural suture; seam of mesopleural suture whitish; wing base and squamae yellowish white, latter with dark

fringe. Legs with coxae, trochanters and femora largely dark, with tips of femora contrastingly yellow; tibiae and tarsi yellow-

brown to dark brown. Abdomen largely dark brown. Basal cone of ovipositor (9 ) grey-dusted on dorsal surface on basal

third to half

Male postabdomen with 8th sternum fused with 6th tergum. Telomeres represented by densely setulose apical lobes of

periandrium, more or less delimited by indistinct suture. Pregonites large, scarcely pigmented, extending ventrally (shielding

base of aedeagus at rest). Aedeagus as Fig. 5-6, completely lacking spinules; basal sclerites long and narrow, not fused at base;

sclerites of medial lobe fused distally, forming slender symmetrical U in ventral view, appearing distinctly recurved in lateral

view; distal section with pair of strongly pigmented divergent terminal tubules (distiphallus) arising from unpigmented cylin-

drical area of sclerotization about ejaculatory duct. Ejaculatory apodeme as Fig. 7.

Puparium and third instar larva. - Mandibles with two alternating teeth; right mandible longer than left. Anterior spiracles

with two short horns, with 9-10 bulbs in widely open ellipse; posterior spiracles on short conical projections, only slightly

raised above level of last segment, with 12-17 bulbs in broad (nearly circular) ellipse. Puparia dark brown to black, 1.9 -

2.2 mm long, with prominent anal lobes.

Mine. — Larvae leaf-miners on Aster sibiricm L. Mine (Fig. 40) gradually widening linear-blotch, formed entirely on upper

surface of leaf, appearing greenish white or greenish brown in reflected light when fresh; faeces deposited as discrete particles,

conspicuous and mostly well separated in terminal blotchy part of mine; larvae leaving leaf through semicircular slit on upper

surface before puparium formation.

Types. - Holotype 6 from larva 3 1 .viii.69 on Aster sibiricus L., near East shore of Lake

Teslin (10 mile Creek; 60° 14' N, 132° 55' W), Yukon Territory, emerged 21.V.70, leg. G. C. D.

Griffiths. 1 9 paratype from larva 18.vii.72 on Aster sibiricus L., near S end Kluane Lake (Slims

Tundra at 4000 feet elevation), Yukon Territory, emerged 13.V.73, leg. G. C. D. Griffiths. 1 9

paratype from larva 27.viii.73 on Aster sibiricus L., Mount Cavell (6700 feet elevation), Jasper

National Park, Alberta, emerged 30.iv.74, leg. G. C. D. Griffiths. 2 99 paratypes from larvae

29.viii.73 on Aster sibiricus L., near S end Medicine Lake (5300-5500 feet elevation), Jasper

National Park, Alberta, emerged 29.iv.74, leg. G. C. D. Griffiths.

Remarks. — The name despinosa (“without spines”) refers to the lack of spinules on the

aedeagus. Apart from the characteristic structure of the aedeagus, this species is not very dis-

tinctive. It is probably univoltine. The host-plant. Aster sibiricus L., is widely distributed in

the Old World, as well as in northwestern North America, but there is no information on

what agromyzids it supports there.

Phytornyza solidaginivora Spencer 1969 (d)

Phytornyza solidaginivora Spencer. Spencer, 1969: 274. Holotype d, Edmonton (Alberta), in

K. A. Spencer’s collection.

Adult. — Head with orbits not projecting above eye in lateral view; genae in middle about 0.25 times eye height; eyes with
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only sparse fine pubescence. Frons at level of front ocellus about twice width of eye. Only one ors (posteriorly directed)

present; only one strong (inwardly directed) ori (anterior ori short); orbital setulae few (3 on one side, 5 on the other), in

one row. Peristomal margin with vibrissa and 3 upcurved peristomal setulae. Third antennal article rounded distally, with

short fine pubescence.

3+1 dc; acr in about 5 rows; about 12 presutural ia; 5-7 postsutural ia; inner pa about half as long as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg 7/mg4 2.5. Wing length 2.2 mm.

Frons and orbits clear yellow, e.xcept dark ocellar plate; both vt on yellowish ground (dark colour of occiput and upper

eye-margin scarcely extending onto vertex). Face completely yellow. Genae yellow. Occiput largely dark, but yellow-brown

at sides ventrally. Antennae with first article yellowish, second and third articles dark brown to black. Palpi dark brown;

labella yellow. Mesonotum dark centrally (strongly grey-dusted, scarcely shining), but with strongly contrasting broad whitish

yellow side-bands extending from (almost completely whitish yellow) humeral calli to postalar calli and with whitish yellow

patches also before corners of scutellum (posterior to inner pa); scutellum dark except for traces of yellow at basal corners;

upper pleura extensively whitish yellow, but with dark anteroventral area on mesopleuron (pteropleuron with only weak

traces of infuscation); propleuron largely dark (but area around spiracle wlritish yellow); sternopleuron and hypopleuron

largely dark, but pale dorsally along sutures. Wing base and squamae white, latter with brownish fringe. Coxae and trochanters

dark; femora largely dark with contrasting yellow tips; tibiae and tarsi largely deep yellow.

Male postabdomen with telomeres represented by densely setulose apical lobes of periandrium, not delimited by suture.

Pregonites large, with unpigmented ventral extensions (shielding base of aedeagus at rest). Aedeagus as Fig. 8-9, completely

lacking spinules; basal sclerites long and narrow, narrowly joined by band of sclerotization on left side near base; sclerites

of medial lobe fused distally, forming slender symmetrical V in ventral view, appearing strongly recurved in lateral view; distal

section with pair of strongly pigmented, almost parallel (scarcely divergent) terminal tubules (distiphallus) arising from

cylindrical area of sclerotization, pigmented ventrally only, about ejaculatory duct. Ejaculatory apodeme rather small (now

lost).

Puparium and third instar larva. - Mandibles with two alternating teeth; right mandible longer than left. Anterior spiracles

with two short horns, with about 10 bulbs in widely open ellipse; posterior spiracles on short conical projections, with 14

bulbs in rather narrow, irregular ellipse. Puparium brown, 1.9 mm long, with prominent anal lobes.

Mine. — Mine (Fig. 41) entirely linear, about 15 cm long, 2-3 mm wide terminally, formed entirely on upper surface of

leaf, largely greenish brown in reflected light; faeces mostly deposited in beaded strips on alternate sides of mine; larva leaving

leaf through semicircular slit on upper surface before puparium formation.

Material examined. — Holotype 6 from larva 30.vi.66 on Astereae sp. (probably Aster modestus

Lindl.), Edmonton (near University), Alberta, emerged 21.vii.66, leg. K. A. Spencer.

Remarks. — The holotype remains the only known specimen of this species. The identity

of its host-plant (not in flower at the time of collection) requires confirmation. Spencer originally

identified it as Solidago sp. However, the microscopical characters of the preserved leaf sample

do not agree with either of the two species of Solidago common in the Edmonton area {S. eana-

densis L. and S. gigantea Ait.). The best agreement I can establish is sNith Aster modestus Lindl.

However, this identification should be regarded as provisional until the breeding can be repeated.

Phytomyza phalangites new species

Adult. — Head with orbits not or only slightly projecting above eye in lateral view; genae in middle 0.25 - 0.35 times eye

height; eyes with only sparse fine pubescence. Frons at level of front ocellus about twice width of eye. Ors directed posteriorly

ori directed inwardly; posterior ors variably developed, in most cases about half as long as anterior ors, but ranging from almost

fully as long to completely absent; only one strong (posterior) ori (with one or two pairs of short anterior ori in most specimens,

but these absent in one male); orbital setulae more or less one-rowed. Peristomal margin with vibrissa and 3-6 upcurved peristomal

setulae. Third antennal article rounded distally, with short fine pubescence.

3 + 1 dc; mesonotal setulae rather long; acr in 3-5 rows; 5-14 presutural ia; 6-10 postsutural ia; inner pa 0.25 to 0.5 as long

as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg^/mgq: c5, 2.2 - 2.7 (mean 2.45); 9, 2.4 - 2.9 (mean 2.65). Wing length:

d, 2.3 - 2.7 mm (mean 2.45 mm); 9, 2.4 - 2.9 mm (mean 2.7 mm).

Frons and orbits pale yellow, except dark centre of ocellar plate; dark colour of vertex in most specimens extending only

to base of vte (vti on yellow ground), but in a few more or less to base of vti. Face largely or completely yellow, at most

weakly infuscated in antennal pits. Genae pale yellow. Occiput largely dark, but yellow at sides ventrally. Antennae with

first article yellow-brown, second article brown, third article black. Palpi black; labella yellow. Mesonotum dark centrally

(strongly grey-dusted, scarcely shining), but extensively yellowish white on sides from humeral to postalar calli (brownish

central patch of humeral calli broadly surrounded by yellow); small yellowish patches also before corners of scutellum (posterior

to inner pa); scutellum dark; mesopleuron yellowish white on about dorsal quarter, otherwise dark; other pleura largely dark,

but with whitish coloration along sutures. Wing base and squamae yellowish white, latter with dark fringe. Legs with coxae,

trochanters and femora largely dark, with tips of femora contrastingly yellow; tibiae and tarsi yellow-brown to dark brown.

Abdomen largely brown, narrowly yellowish along sides of terga and in some specimens narrowly along their hind margins.

Basal cone of ovipositor (9) grey-dusted on dorsal surface on basal third to half.

Male postabdomen with 8th sternum fused with 6th tergum. Telomeres represented by densely setulose apical lobes of
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periandrium, more or less delimited by partial suture. Pregonites large, scarcely pigmented, extending ventrally (shielding

base of aedeagus at rest). Aedeagus as Fig. 10-11; basal sclerites long and narrow, with dorsal area of fusion at about one-

third of distance from their base; dense band of short spinules along dorsal margin of left basal sclerite, and patch of similar

dorsally situated spinules on area of fusion of basal sclerites; sclerites of medial lobe fused distally, forming slender symmetrical

V in ventral view, appearing distinctly recurved in lateral view; distal section with pair of strongly pigmented divergent terminal

tubules (distiphallus) arising from largely unpigmented cylindrical area of sclerotization about ejaculatory duct. Ejaculatory

bulb and apodeme as Fig. 12; bulb without or with only weakly differentiated lateral patches of pigmentation.

Puparium and third instar larva. - Mandibles with two alternating teeth; right mandible longer than left. Anterior spiracles

with two short horns, with 12-15 irregularly distributed bulbs; posterior spiracles oval (nearly circular), on short conical

projections, only slightly raised above level of last segment, with 19-28 bulbs in irregular, partly stellate pattern. Puparia dark

brown to black, 1.8 - 2.0 mm long, with prominent anal lobes.

Mine. - Larvae leaf-miners on Aster, in larger leaves many feeding together to form large communal mine (Fig. 39); mine

primary blotch (without initial linear channel), formed entirely on upper surface of leaf, appearing greenish white or greenish

brown in reflected light when fresh; faeces deposited mostly in beaded strips, irregularly distributed throughout mine; larvae

leaving leaf through semicircular slits, mostly on upper surface, before puparium formation.

Types. — Holotype d
, 25 paratypes (10 dd, 13 99, 2 sexually abnormal) from larvae 15.ix.

73 on Aster ciliolatus Lindl., Edmonton (north-facing slopes of river valley), Alberta, emerged

1-17. vi. 74, leg. G. C. D. Griffiths. 1 d paratype from larva 12.ix.73 on Aster modestus Lindl.,

Opal Sandhills (near Redwater), Alberta, emerged 8.vi.74, leg. G. C. D. Griffiths.

Remarks. - I name this phalangites (“ soldier in a phalanx”), because the larvae were

in many cases found feeding more or less in a row in a communal mine. Note that the blotchy

character of the mine is not a secondary result of communal feeding, since the mine on Aster

modestus Lindl. (produced by a single larva) is also a blotch. The late appearance of the larvae

is also noteworthy. I believe that this species is univoltine, since I did not find any mines earlier

in the season.

Of the two paratypes listed as sexually abnormal, one has male-type external genitalia but

with malformation of the aedeagus and, to a lesser degree, other structures, while the other

lacks external genitalia entirely (terminal abdominal segments apparently absent). Significantly,

both also show the same rare anomaly of the wing venation (partial fusion of the r^ branches).

This suggests that their abnormality was caused by the same genetic factor, although the pheno-

typic effect on the development of the postabdomen was much more extreme in one case than

in the other.

The characteristic apomorphous type of aedeagus described above and figured (or P. phalangites

is also shown, without or with only trivial {P. astotinensis) differences, by the following three

taxa. These four taxa may be grouped together as the P. phalangites superspecies. It is surprising

that these taxa, which are clearly differentiated in certain other respects, should have virtually

identical aedeagi, since in most agromyzids the aedeagus is the most sensitive indicator of

specific differentiation. But I think they must be regarded as full species, since they are partly

sympatric. On external characters, they fall into two pairs: two species with extensively yellow

mesonotal side-bands {P. phalangites and P. astotinensis) and two with dark mesonotum {P.

scopulina and P. peregrini). The mines are readily separable in the one case where there is over-

lap of the host range (P. scopulina and P. astotinensis on Solidago).

Phytomyza astotinensis new species

Adult. - As described forP. phalangites, except as follows.

Genae in middle 0.15 - 0.2 times eye height. Posterior ors present in all specimens, 0.5 - 0.8 times as long as anterior ors;

anterior ori about 0.5 times as long as posterior ori (also very short third pair of ori in two specimens). 4-5 upcurved peristomal

setulae. Acr in 4-5 rows; 5-9 presutural ia; 5-7 postsutural ia. Costal ratio 2.3 - 2.75 (mean 2.6). Wing length: 6,

2. 2-2. 3 mm; 9, 2.5 mm.

Pale coloration slightly more extensive, as follows. Both vt on yellow ground or vte more or less on boundary between dark

and yellow ground (dark colour of occiput and upper eye-margin scarcely extending onto vertex). Mesopleuron yellowish

white on about dorsal third; anterior parts of pteropleuron also largely yellowish white in most specimens. Tibiae and tarsi largely

deep yellow. Abdomen with hind margins of terga, as well as their sides, contrastingly yellow in all specimens.
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Distal section of aedeagus (Fig. 13) with pigmentation extending further basally onto the cylindrical area of sclerotization

as pair of ventral stripes.

Puparium and third instar larva. - Similar to those of P. phalangites, but with, on average, fewer spiracular bulbs. Anterior

spiracles with about 10 bulbs; posterior spiracles with 15-21 bulbs in broad oval ellipse, in some cases with stellate areas.

Puparia 1.8 - J. 9 mm long.

Mine. - Larvae leaf-miners on Solidago. Mine (Fig. 42) entirely linear, 6-12 cm long, remaining narrow (about 1.5 mm wide)

tennmally, formed entirely on upper surface of leaf, appearing white or greenish white in rellected light when fresh; faeces

deposited as tine particles, mostly forming short beaded strips; larvae leaving leaf through semicircular slit on upper surface

before puparium formation.

Types. - Holotype 6, 2 66 3 99 paratypes from larvae 21.ix.71 on Solidago gigan tea Ait.,

Elk Island National Park (near NE shore of Astotin Lake; 53° 41' N, 112° 50' W), Alberta,

emerged 14-28. v. 72, leg. G. C. D. Griffiths; 1 6 paratype from larva 7.viii.71 on Solidago cana-

densis L., same locality (near W shore of Astotin Lake), emerged 15.V.72, leg. G. C. D. Griffiths.

Remarks. - This species seems to be iinivoltine. Linear mines on Solidago in Central Alberta

earlier in the season have proved to be caused by P. solidaginophaga Sehgal.

Pliytomyza scopulina new species

Adult. - As described forP. phalangites, except as follows.

Genae in middle 0.2 - 0.35 times eye height. Posterior ors variably developed, in most cases about half as long as anterior

ors, ranging from 0.2 times to fully as long (absent on one side in two specimens); one strong (posterior) ori and 1-2 pairs of

short anterior ori. 2-4 upcurved peristomal setulae. Acr in 4-6 rows; 5-14 presutural ia;4-9 postsutural ia. Costal ratio mg 2/mg4

in specimens bred from Erigeron 2.4 - 2.7 (mean 2.55), in specimens bred from Solidago 2.1 - 2.65 (mean 2.35)

(mean of all specimens 2.4). Wing length: c5, 2.35 - 2.6 mm (mean 2.5 mm); 9 , 2.0 - 2.8 mm (mean 2.5 mm).

Colour much darker. Centre of frons and lunule orange-yellow, with ocellar plate and vertex contrastingly black (vte on

dark ground; vti on boundary between dark and pale ground); orbits in most specimens ochreous to brownish along eye margins

with fine whitish dusting (hut clear yellow in a few). Face yellow at sides, infuscated to varying extent in antennal pits. Genae

orange-yellow. Occiput black. Antennae with first article brown, second and third articles black. Palpi black; labella yellow.

Thorax largely black, strongly grey-dusted (only weakly shining); mesonotum in most specimens with traces of paler (brownish)

coloration only at corners of humeral calli, in a few also with upper part of sutural triangle brownish; seams of notopleural

and mesopleural sutures whitish; wing base yellowish white; squamae yellowish white or greyish, with dark margin and fringe.

Legs largely dark, with tips of front femora contrastingly yellowish; tips of other femora less contrasting, dull yellow to

yellow-brown; tibiae and tarsi brown to dark brown. Abdomen largely dark brown. Basal cone of ovipositor (9 ) grey-dusted

on dorsal surface on basal third to half.

Male postabdomen and genitalia as described for P. phalangites, except that in most specimens the ejaculatory bulb bears

conspicuous lateral patches of pigmentation.

Puparium and third instar larva. - Mandibles with two alternating teeth; right mandible longer than left. Anterior spiracles

with two short horns, with 10-12 irregularly distributed bulbs; posterior spiracles on short conical projections, only slightly

raised above level of last segment, with 13-18 bulbs in broad oval (nearly circular) ellipse. Puparia dark brown to black, 1.7 -

2.0 mm long, with anal lobes only weakly prominent.

Mine. - Larvae leaf-miners on Erigeron and Solidago. Mine (Fig. 44) gradually widening linear-blotch, formed entirely on

upper surface of leaf, appearing greenish white or greenish brown in rellected light when fresh (on Solidago with areas of

purplish discoloration often developing around mines); faeces deposited as discrete particles, conspicuous and mostly well

separated in terminal part of mine; larvae leaving leaf through semicircular sUt on upper surface before puparium formation.

Types. - Holotype 6,2 66 3 99 paratypes from larvae 27-28.viii.73 on Erigeron debilis

(Gray), Mount Cavell (on moraine and cliff ledges, 5900-6700 feet elevation; 52° 41' N, 118°

3' W), Jasper National Park, Alberta, emerged 30.ix.73 ( 1 9) and 25-26. iv. 74, leg. G. C. D.

Griffiths. 1 6 paratype from larva 30.viii.73 on Erigeron glabellus Nutt, subsp. pubescens

(Hook.), 1 1 miles N Jasper (shaded rock outcrop at 3400-3500 feet), Jasper National Park,

Alberta, emerged 26.iv.74, leg. G. C. D. Griffiths. 2 dc5 2 99 paratypes from lai*vae 29.viii.73

on Solidago nniltiradiata Ait., near S end Medicine Lake (4900-5500 feet elevation), Jasper

National Park, Alberta, emerged 26. iv-14.v.74, leg. G. C. D. Griffiths. 1 9 paratype from larva

21.viii.71 on Solidago nniltiradiata Ait., Whistlers Mountain (fellfield tundra at 7300-7800 feet

elevation), Jasper National Park, Alberta, emerged 9.V.72, leg. G. C. D. Griffiths. 3 c5c5 5 99

paratypes from larvae 3-1 l.viii.70 on Solidago nniltiradiata Ait., Summit Lake Pass (4200-4500

feet elevation; Alaska Highway mile 392), British Columbia, emerged 7-13.V.71, leg. G. C. D.
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j

Griffiths. 2 99 paratypes from larvae 26.vii.72 on Solidago multiradiata Ait., near S end Kluane
||

Lake (canyon on North slope of Outpost Mountain at 3000 feet elevation), Yukon Territory, p

emerged 18.iv & 7.V.73, leg. D. E. Griffiths.

Remarks. — I name this ‘spQcies scopuUna (“dwelling on cliffs”), since several of the
I

collections were made from this habitat. It also occurs on alpine tundra and in montane forest
J

(Summit Lake Pass and Medicine Lake collections). Besides the material listed above, I also I

refer to this species a small sample of larvae collected 1 1 .viii.70 on Erigeron humilis Graham |l

in Summit Lake Pass (4800-5000 feet elevation), from which only a pteromalid was obtained. ||

The occurrence of this species both on Solidago and on certain Erigeron species is surprising. i

Despite careful comparison I can find no difference between series bred from these hosts except
j

for a small difference (doubtfully significant) in the mean costal ratio, as noted in the above ;

description. I am of the opinion that only a single taxon is involved.
i

It is evident from the above records that P. scopulina is normally univoltine (only a single I

abnormally small female emerged in the same season) and distributed in the mountain cordillera

of northwestern North America. It does not occur in the lowland boreal forest around Edmonton,
j

despite the abundance of suitable host-plants.

Phytomyza peregrini new species '

Adult. — As described for P. phalangites, except as follows.
'

Genae in middle 0.3 - 0.4 times eye height. Posterior ors variably developed, in most cases about half as long as anterior i

ors, ranging from 0.2 to 0.8 times as long; anterior ori 0.5 - 0.7 times as long as posterior ori (also very short third pair of ori
j

in one male). 3-4 upcurved peristomal setulae. Acr in 4-6 rows; 6-12 presutural ia; 6-7 postsutural ia. Costal ratio mg
2
/mg4 2.0 - 2.3 |

(mean 2.2). Wing length: 6, 2.3 - 2.5 mm (mean 2.4 mm); 9, 2.6 - 2.8 mm.
|

Colour much darker (somewhat darker also than in P. scopulina). Centre of frons and lunule deep orange-yellow to orange-
j

brown, with ocellar plate contrastingly black; vertex more or less dark as far as base of vti; orbits largely ochreous to brownish,
|

with fine whitish dusting. Face entirely infuscated. Genae deep orange-yellow to orange-brown. Occiput black. Antennae with
j

first article dark brown, second and third articles black. Palpi black; labella yellow. Thorax almost entirely black, strongly

grey-dusted (only weakly shining); mesonotum with traces of paler (brownish) coloration only at corners of humeral calli;

seams of notopleural and mesopleural sutures whitish; wing base yellowish white; squamae yellowish white or greyish, with

dark margin and fringe. Legs almost entirely dark, with only tips of front femora contrastingly yellowish; tips of other femora

at most yellow-brown (scarcely paler in some specimens); tibiae and tarsi dark brown. Abdomen largely dark brown. Basal

cone of ovipositor ( 9) grey-dusted on dorsal surface on basal third to half.

Male postabdomen and genitalia as described for P. phalangites, except for the presence of lateral patches of pigmentation

(fairly conspicuous in most specimens) on the ejaculatory bulb.

Puparium and third instar larva. - Similar to those of P. scopulina, but with, on average, more numerous bulbs on posterior

spiracles; posterior spiracles with 15-25 bulbs more or less in broad oval ellipse, in some cases with stellate areas. Puparia 1.8 -

2.0 mm long.

Mine. - Larvae leaf-miners on Erigeron peregrinus (Pursh). Mine (Fig. 45) more or less linear throughout, 5-6 cm long,

2-3 mm wide terminally, formed entirely on upper surface of leaf, appearing greenish white or greenish brown in reflected

light when fresh; faeces deposited as discrete particles; larvae leaving leaf through semicircular slit on upper surface before

puparium formation.

Types. - Holotype 6, 4 2 99 paratypes from larvae 1 5-I9.viii.71 on Erigeron peregrinus

(Pursh) subsp. callianthemus (Greene), near Mount Cavell Chalet (6200-6900 feet elevation;

52° 41' N, 1 18° 3' W), Jasper National Park, Alberta, emerged 7-10.V.72, leg. G. C. D. Griffiths.

Remarks. — The differences between this species and P. scopulina (lower costal ratio, darker

colour, larva with more numerous bulbs on posterior spiracles) are relatively slight. But since

they are shown consistently in my series from the same locality (Mount Cavell), I can only con-

clude that I have sampled genetically distinct populations.

I have also found empty mines similar to those of P. peregrini on the coastal subspecies

Erigeron peregrinus peregrinus (Pursh) at Sitka (Alaska). An identification of their producer

will not be possible until flies are obtained.
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Phytomyza virgaureae Hering 1926

Phytomyza virgaureae Hering. Hering, 1926: 458. — 1927: 1 13. Hendel, 1935: 497. De Meijere,

1937: 236. Syntypes c5 9 ,
Rigi (Switzerland), in Zoologisches Museum, Humboldt Universi-

tat, Berlin.

Phytomyza sp. Hering, 1957: 165.

Phytomyza simmi BQigQv. Beiger, 1959b: 1. ^ 1960: 107, 153. - 1972: 488. Holotype 9, Ojc6w

(Poland), in Zak+ad Zoologii Systematycznej UAM, Poznan. NEW SYNONYMY.

Adult. - Head with orbits not or only slightly projecting above eye in lateral view; genae in middle 0.2 - 0.3 times eye

height; eyes with only sparse fine pubescence. Frons at level of front ocellus 1.5-2 times width of eye. Ors directed posteriorly,

ori directed inwardly; posterior ors variably developed, ranging from 0.8 times anterior ors to completely absent; anterior ori

0.3 - 0.8 times posterior ori; orbital setulae one-rowed. Peristomal margin with vibrissa and 3-5 upcurved peristomal setulae.

Third antennal article rounded distally, with short fine pubescence.

3-1-1 dc; acr in 4-6 rows; 5-12 presutural ia; 2-8 postsutural ia; inner pa 0.33 to 0.5 as long as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg^/mg^ 2.3 - 2.8 (mean 2.6). Wing length; (5, 2.0 - 2.4 mm (mean 2.15 mm);

9, 2.2 - 2.5 mm (mean 2.3 mm).

Frons whitish yellow to (more rarely) orange-yellow centrally, with ocellar plate and vertex contrastingly black (vte on dark

ground; vti on boundary between dark and pale ground); orbits partly yellow, but distinctly infuscated (at least brownish) along

eye margins and around bases of orbital setae. Face largely infuscated. Genae yellow. Occiput black. Antennae entirely black, or

at most with first article yellow-brown (Stolberg specimen). Palpi black; labella yellow. Thorax almost entirely dark, strongly

grey-dusted (only weakly shining); mesonotum with traces of pale coloration only at corners of humeral and postalar calli;

mesopleuron with narrow whitish dorsal band along notopleural suture; seam of mesopleural suture whitish; wing base and

squamae yellowish white, latter with dark fringe. Legs largely dark, with tips of femora contrastingly yellow; tibiae and tarsi

largely brown to dark brown. Abdomen largely brown to dark brown. Basal cone of ovipositor ( 9) grey-dusted on dorsal

surface on basal third to half.

Male postabdomen with 8th sternum fused with 6th tergum. Telomeres represented by densely setulose apical lobes of

periandrium, not delimited by suture. Pregonites large, scarcely pigmented, extending ventrally (shielding base of aedeagus at

rest). Aedeagus as Fig. 14-15; basal sclerites long and narrow, separated at base, the right turned outwards apically; long band

of 17-20 spinules (mostly in single row, but partly in two rows medially) on dorsal surface of basal section; sclerites of medial

lobe fused distally, forming slender symmetrical V in ventral view, appearing only slightly recurved in lateral view; distal

section with parr of divergent terminal tubules (distiphallus) arising from cylindrical area of sclerotization about ejaculatory

duct, unpigmented distally but with base of cylindrical area distinctly pigmented. Ejaculatory apodeme as Fig. 16.

Figures of the male genitalia have already been given by Beiger (1972), but she does not show the full complement of

spinules on the aedeagus.

Pupariiim and third instar larva. - Described by de Meijere (1937) and Beiger (1960) ( as P. sinimi). Mandibles with two

alternating teeth; right mandible longer than left. Anterior spiracles with two short horns, with 9-14 bulbs in widely open

ellipse; posterior spiracles on short conical projections, with 12-23 bulbs in rather narrow, partly open ellipse. Puparia brown

to black, 1.7 - 2.2 mm long, with prominent anal lobes.

Mine. — Larvae leaf-miners on Solidago and Beilis. Mine entirely linear, 10-12 cm long, about 2 mm wide terminally, formed

entirely on upper surface of leaf, white or greenish white in reflected light when fresh; faeces deposited entirely as discrete

particles or partly forming short beaded strips; larvae leaving leaf through semicircular slit on lower surface before puparium

formation.

Mines both on Solidago and Beilis have been figured by Beiger (1960) (in the latter case as of P. simmi).

Material examined. — Syntype 6 from larva 19.vii.25 on Solidago virgaurea virgaiirea L.,

Rigi, Switzerland, emerged 6.viii.25, leg. O. & M. Hering (no. 2751). 1 9 from larva on Solidago

virgaurea virgaurea L., Alter Stolberg (Siidharz), Germany, emerged 8.vii.27, leg. M. Hering

(no. 3134). 1 9 from larva 31.vii.54 on Solidago virgaurea virgaurea L., Chilworth, Surrey,

England, emerged 14.viii.54, leg. G. C. D. Griffiths. 1 9 from larva 17.ix.55 on Solidago virgaurea

virgaurea L., Holmbiiry— St. Mary, Surrey, emerged 8.x. 55, leg. G. C. D. Griffiths. 1 c5 3 99

from larvae 12.vi.65 on Solidago virgaurea virgaurea L., Poulavallan, Clare, Ireland, emerged

30. vi -2.vii.65, leg. G. C. D. Griffiths. 1 6 from larva 1 l.vi.65 on Solidago virgaurea virgaurea

L., Black Head, Clare, Ireland, emerged 29.vi.65, leg. G. C. D. Griffiths.

16 19 from larvae 17-19.vi.59 on Beilis pereimis E., Ojc6w National Park, near Krakow, Poland,

emerged 4-8.vii.59, leg. M. Beiger (paratypes of P. simmi)', 1 9 from larva 20.vi.73, same plant

and locality, emerged 5.vii.73, leg. M. Beiger. 1 6 from larva 27.viii.74 on Beilis pereimis E.,

Dolina Koscieliska ( 1000 metres elevation), Tatry, Poland, emerged 10.ix.74, leg. M. Beiger.
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1 9 from larva 19.V.66 on Beilis perennis L., Berlin (-Dahlem), Germany, emerged 4.vi.66,

leg. E. M. Bering (no. 7494).

Other records. - This species is widespread in Northern and Central Europe. Other published records are summarized as

follows. Except where otherwise stated, all records were based on specimens bred from, or mines found on, Solidago virgaurea

virgaurea L.

Britain -

Germany -

Switzerland-

Corsica -

Austria —

Poland -

Denmark -

Norway —

Sweden -

Finland -

Russia -

Additional Irish records given by Griffiths (1968); records oi Phytomyza mines

on Beilis perennis L. given by Griffiths (1966: 792) and Spencer (1972: 108) are

probably also attributable to this species.

Additional records given by Bering (1926), Voigt (1929), Buhr (1932, 1964) and

Starke (1942); Buhr’s (1932) records for Mecklenburg include records for cultivated

host-plants (Solidago canadensis E., S. rugosa Mill, and S. serotina Ait.), as well as a

record for Beilis perennis E. (“upper-surface linear mine of a still undescribed

agromyzid”, p. 65). Bering (Bering & Spencer, 1968: 335) has also reported this species

from Beilis perennis E. and cultivated plants of Beilis silvestris Cyr. in Berlin.

Sheet in Bering’s mine herbarium for Pfafers (vi.25).

Monte Rotondo (Buhr, 1941b).

Sheet in Bering’s mine herbarium for Schiltenberg near Linz (5.vii.62).

Recorded by Bering (1928b), KarP(1936), Nowakowski (1954 and 1962: 152, the

latter record for Solidago virgaurea L. subsp. alpestris (W. et K.) in the Tatry Mountains),

and Beiger(1955, 1960, 1970, 1973); records of mines on Beilis perennis h. summarized

by Beiger (1972) (as R sirnmi).

Bornholm (Buhr, 1932).

Vaage, ll.vii.53 (Ryddn, 1955).

Recorded by Ryddn (1933, 1947, 1956) and Lundqvist (1949).

Records summarized by Frey (1946).

Sheet for Moscow (14.vi.56) in Bering’s mine herbarium.

Remarks. - The distinction between the mines of this species and those of P. solidaginis

in terms of faecal deposition given in Bering’s (1937, 1957) keys is overstated, since the faeces

may be partly deposited in beaded strips in some mines of this species (as already noted by

Ryden, 1933). Consequently it is possible that there may have been some confusion between

this species and P. solidaginis in the case of records of mines on Solidago from which flies were

not bred. The distribution indicated by published records, as summarized above, should there-

fore be checked critically by future workers in the countries concerned.

Beiger ( 1 959b, 1960) separated/*, simmi from virgaureae on the basis of a series of minor

differences, namely: somewhat smaller lunula, higher genae, longer pubescence of third antennal

article, greater variation in number of postsutural intraalar setulae, greater length of basal cone

of ovipositor, paler squamal margin and more extensively yellow posterior margins of abdominal

terga. I cannot confirm these stated distinctions as consistently differentiating specimens bred

from Beilis and Solidago, and therefore conclude that Beiger’s name should be synonymized.

There is also no difference in the male genitalia between specimens bred from both host groups.

Phytomyza solidaginophaga Sehgal 1971 (<5)

Phytomyza solidaginophaga Sehgal. Sehgal, 1971 : 378. Bolotype d, George Lake (Alberta),

in Canadian National Collection, Ottawa.

Adult. - As described forR virgaureae, except as follows.

Genae in middle about 0.3 times eye height. Posterior ors ranging from fully as long as anterior ors to completely absent.

Acr irregularly distributed, in 2-4 rows; 7-10 presutural ia; 4-6 postsutural ia. Costal ratio mg
2
/mg4 2.1 - 2.5. Wing length

2.1 - 2.3 mm.

Bead darker coloured. Centre of frons brownish anteriorly, becoming whitish yellow only posteriorly on either side of

ocellar plate; orbits broadly infuscated (dark brown to black); genae brown.

Aedeagus (Fig. 17) with basal sclerites narrowly joined at base, the right not turned outwards apicaUy; band of (15-20)

spinules on dorsal surface of basal section shorter, ending further before apex of basal sclerites; distal section entirely unpigmented.

Ejaculatory apodeme as Fig. 18.

The male genitalia have already been figured by Sehgal (1971).

Puparium and third instar larva. - Mandibles with two alternating teeth; right mandible longer than left. Anterior spiracles
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with two short horns, with about 10 bulbs in widely open ellipse; posterior spiracles on short conical projections, only slightly

raised above level of last segment, with 13-18 bulbs in broad oval (nearly circular) ellipse. Puparia black, 1.8 mm long, with

prominent anal lobes.

Mine. - Larvae leaf-miners on Solidago. Mine (Fig. 43) entirely linear, 6-8 cm long, 1.5 - 2.5 mm wide terminally, formed

entirely on upper surface of leaf, appearing greenish white or greenish brown in reflected light when fresh; faeces deposited

as fine particles, partly forming short beaded strips; larvae leaving leaf through semicircular slit on upper surface before puparium

formation.

Material examined. - 1 6 paratype from larva 7.vi.68 on Solidago eanadensis L. (
= lepida

auctt.), George Lake Field Station (53° 57' N, 114° 06' W), Alberta, emerged 30.iv.69, leg.

G. C. D. Griffiths. 1 6 from larva 13.vi.70 on Solidago decumbens Greene, Jasper National

Park (near Jasper townsite; 3600 feet elevation), Alberta, emerged 2.V.71, leg. D. E. Griffiths.

Remarks. — This species is exclusively univoltine (unlike P. virgaureae), and its larvae appear

earlier than those of any othQr Solidago-miner in Alberta.

Mines on Solidago deeumbens Greene on Sheep Mountain (near S end Kluane Lake, Yukon

Territory), which were already vacated on 13.vii.72, are probably also attributable to this

species.

Phytomyza bellidina Hering 1935

Phytomyza bellidina Hering. Hendel, 1934: 360. Hering, 1935a; 9. —1967: 17. De Meijere,

1937: 214. Holotype d, Rovinj (Yugoslavia), in Zoologisches Museum, Humboldt Universi-

tat, Berlin.

Adult. - Head with orbits only narrowly projecting above eye in lateral view; genae in middle about 0.4 times eye height;

eyes with only sparse fine pubescence. Frons at level of front ocellus 2 - 2.5 times width of eye. Only one ors (posteriorly

directed) present; two or three pairs of inwardly directed ori (of which anteriormost very short if three); orbital setulae

numerous, more or less two-rowed in part. Peristomal margin with vibrissa and 2-5 upcurved peristomal setulae. Third

antennal article rounded distally, with short fine pubescence.

3 1 dc; acr in 3-5 rows anteriorly; 8-12 presutural ia; 3-6 postsutural ia; inner pa 0.33 to 0.5 as long as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg-)/mg4 2.1 - 2.75 (mean 2.4). Wing length; c5, 1.85 - 2.2 mm; 9, 2.5 -

2.55 mm.

Frons largely whitish yellow with ocellar plate and verte.x contrastingly black (vte on dark ground; vti on boundary

between dark and pale ground); orbits partly whitish yellow, but somewhat infuscated along eye margins posteriorly and

around bases of orbital setae. Face whitish yellow at sides, distinctly infuscated in antennal pits. Genae whitish yellow.

Occiput largely black, but brownish at sides ventrally. Antennae with first article yellow-brown to dark brown, second and

third articles black. Palpi black; labella yellow. Mesonotum dark centrally (strongly grey-dusted, scarcely shining), but with

humeral callus (except brownish central patch) and sutural triangle contrastingly yellowish white, and with small yellowish-

white patches also on postalar callus and before corners of scutellum (posterior to inner pa); scutellum dark
;
mesopleuron

with narrow yellowish-white band along dorsal margin (notopleural suture), otherwise dark; seam of mesopleural suture whitish;

other pleura almost entirely dark. Wing base and squamae whitish yellow, latter with dark fringe. Legs largely dark, with tips

of femora contrastingly yellow; tibiae and tarsi largely dark brown. Abdomen largely dark brown. Basal cone of ovipositor

(9 ) grey-dusted on about basal half.

Male postabdomen with 8th sternum more or less fused with 6th tergum along partly distinct suture line. Telomeres

represented by densely setulose apical lobes of periandrium, more or less delimited by partial suture. Pregonites large, scarcely

pigmented, extending ventrally (shielding base of aedeagus at rest). Aedeagus as Fig. 19-20, completely lacking spinules;

basal sclerites long and narrow, more or less straight, fused at base; sclerites of medial lobe fused distally, forming slender

more or less symmetrical V in ventral view, appearing strongly recurved in lateral view; distal section relatively small, with

pair of short transverse sclerites at base (near apices of basal sclerites) and pair of divergent pigmented terminal tubules

(distiphallus) arising from unpigmented cylindrical area of sclerotization about ejaculatory duct. Ejaculatory apodeme as

Fig. 21.

The aedeagus has previously been figured by Ann Spencer (in Hering, 1967).

Puparium and third instar larva. — Described by de Meijere (1937) and Hering (1967). Mandibles with two alternating

teeth; right mandible longer than left. Anterior spiracles with two short horns, with 1 1-15 bulbs in widely open ellipse;

posterior spiracles on short conical projections, only slightly raised above level of last segment, with 15-21 bulbs in rather

narrow, partly open ellipse. Puparia dark brown, about 2 mm long, with anal lobes only weakly prominent.

Mine. - Larvae leaf-miners on Beilis. Mine described by Hering (1935a), and in greater detail with good figures by

Hering (1967) as follows.

“Upper-, more rarely underside, blotches, which are very shallow and soon appear whitish, originate from a small, rapidly

widened channel. The channels are so shallow that even in places where under and upperside mines overlap no approximate
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transparency is achieved, as appears in other thus overlapping mines. Only rarely does one observe linear mines which are

only strongly widening towards their end; such channels are found if the mine runs along the midrib in the direction of the

base of the progressively narrowing leaf and is then ± joined again to the first channel as it runs back. Thus arises a mine of

broadly linear appearance, whose origin is indicated by the double faecal trail. In such cases the faeces are deposited in

very uniform small particles, which lie for a long stretch on one side of the channel before changing to the other and only

gradually become larger and somewhat more widely separated. In the common blotch-mines which begin with a short linear

channel, only in the latter do the small particles lie clearly separated and appro.ximately in rows; in the later blotch they cohere

in larger clumps, which are irregularly distributed in the blotch. Only in one case was a large interparenchymal blotch -mine

observed, which neither appeared whitish on inspection from the upper nor from the lower side of the leaf; only in the

pro.ximity of the leaf margin were some strips of whitish appearance visible, where the larva had fed on the uppermost layer

of parenchyma. In this mine too the faeces had been deposited in larger, widely separated clumps. The larva leaves the mine

through a semicircular slit situated on the lower side of the leaf.”

Material examined. - Holotype 6, 1 c5 paratype from larvae 21.iii.33 on Beilis silvestris (L.),

Rovinj, Istria, Yugoslavia, emerged 12.x. 33, leg. H. Buhr (no. 35). 1 6 from larva 5.W.54 on

Beilis sp., Ostia (near Rome), Italy, emerged 25.viii.54, leg. G. C. D. Griffiths. 2 99 from larvae

15-16.iii.53 on Beilis silvestris (L.), Sintra, Portugal, emerged 21 & 27.xi.53, leg. K. A. Spencer.

Remarks. — This species has been confirmed only from the Mediterranean area, where it

appears in a spring and autumn generation (with aestivation in the puparium), as already noted

by Hering (1967). The known distribution may be summarized as follows.

Yugoslavia — Localities in Istria and Dalmatia where mines were found

on Beilis silvestris (L.) have been listed by Buhr (1941b)

and Hering (1967).

Italy - Rome (see above).

Spain — Algeciras, on Beilis sp. (Spencer, 1957).

Portugal- Sintra (Spencer, 1954b).

Records for northern Europe remain doubtful. A mine similar to that of this species was

once collected on Beilis perennis L. at Warsow (Mecklenburg) by H. Buhr (23.ix.3 1), but the

identity of the producer was never established. This mine was treated as no. 396 under Beilis

by Hering (1935c) and subsequently referred by him (incautiously in my opinion) to P. bellidina.

The figure of the mine of P. bellidina given by Hering (1957: 13) is of this mine. His subse-

quent work on the leaf-miners of Hvar should be consulted for figures of undoubted mines of

P. bellidina. Spencer (1956) provisionally recorded this species from London, England, but

seems subsequently to have withdrawn the record (see also Spencer, 1972: 108).

Phytomyza lioppi Hering 1925

Phytomyza lioppi Hering. Hering, 1925: 134. - 1927: 111. Hendel, 1935: 416. Syntypes 3 9,

Pfafers (Switzerland), in Zoologisches Museum, Humboldt Universitat, Berlin.

Adult. - As described forP. bellidina, except as follows.

Genae in middle 0.3 - 0.4 times eye height. Frons at level of front ocellus about twice width of eye. Two ori, anterior

0.4 - 0.5 times posterior; orbital setulae one-rowed. 3-5 upeurved peristomal setulae. 6 presutural ia; 3-5 postsutural ia. Costal

ratio mg-)/mg4 2.3 - 2.5. Wing length; 3, 2.1 - 2.2 mm; 9 ,
2.2 mm.

Orbits entirely yellow. Face largely yellow, only slightly infuscated in antennal pits. Brownish central patch of humeral

callus larger.

Aedeagus as Fig. 22; distal section relatively larger, with pigmented terminal tubules (distiphallus) rather slender. Ejaculatory

apodeme (Fig. 23) larger, broadly fan-shaped.

Puparium and third instar larva. - Puparia blackish brown (Hering, 1928); structure not described.

Mine. - Larvae leaf-miners on Aster bellidiastrum (L.). Mine described by Hering (1925) as follows.

“The fly lays its eggs on the underside of the leaves ot Aster bellidiastrum Scop. The emerging larva goes directly through

the leaf to the upperside, where it forms a long linear mine. This is at first very small and several times sinuate; black feacal

particles lie irregularly right on the sidewalls of the channel. Later this expands considerably; the individual sinuations now lie

very closely upon one another, and the faecal particles are very large and sparse, lying at wide distances from one another.

Finally in the thick part of the mine the channel proceeds more straight again; here are found particularly well expressed

feeding tracks (“herring-boning”), and as a result of this the mine appears more green in transmitted light. The end of this

part lies on the underside of the leaf; the larva leaves the mine through an underside semicircular slit to transform in
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the earth into a shining black puparium, from which after a short time the fly emerged (from 1 l.vii.24 onwards)”.

A figure of the mine has been given by Bering (1925, 1927, 1957).

Material examined. — Syntype c5, 1 d 1 9 paratypes from larvae 23.vi.24 on Aster bellidiastnim

(L.), Pfafers, Switzerland, emerged 1 l-12.vii.24, leg. W. Hopp (Hering no. 2509).

Remarks. — This species is distributed in the Alps and Carpathians, where it appears to be

bivoltine. Besides the type locality in Switzerland, larvae were found in 1939 on plants of

Aster bellidiastnim (L.) originating from Achensee in the Austrian Tirol (Buhr, 1941a), and

there is a sheet of mines collected 17.x. 50 on this same plant at Ettenhausen, Bavaria, in Bering’s

mine herbarium. Collections in the Tatry Mountains (Poland) have been made by Beiger (1959a)

and Nowakowski (Griffiths, 1966: 835).

The record for Berlin Botanical Gardens (sheet in Bering’s mine herbarium dated 17.V.25)

was presumably the result of an introduction with transplanted plants, since the host-plant is

not native to the northern lowlands of Germany.

Phytomyza japonica Sasakawa 1953

I have already discussed this Japanese species in Part VIII (Griffiths, 1974d: 302). It was

originally described from Kalimeris yomena Kitam. (as ''Aster indicus L.”) and subsequently

reported from Beilis perennis L., as well as from members of other groups of Compositae be-

sides the Astereae.

Phytomyza ovimontis new species (d)

Adult. - As described for P. demissa Spencer (Part VIII; 304), except as follows.

Posterior ors almost as long as anterior ors; two ori, anterior 0.6 - 0.8 times as long as posterior. 3 upcurved peristomal

setulae. Acr in 4 rows anteriorly; 10 presutural ia; 8 postsutural ia; inner pa about 0.33 as long as outer pa. Costal ratio mg 7/mg4
1.75. Wing length 2.35 mm.

Colour darker. Frons (including orbits) largely dark brown, not contrastingly paler than black ocellar plate and vertex.

Genae brown. Wing base and squamae greyish, latter with black fringe.

Aedeagus as Fig. 24, with row of 19 spinules on left side of basal section; sclerites of medial lobe more uniformly curved

(not sharply angled near base); trace of weakly pigmented sclerotization also on right side of distal section (but smaller than

strip on left side).

Puparium and third instar larva. - Similar to those ofP. demissa (posterior spiracles with 13-14 bulbs). Puparium dark

brown, 2.0 mm long; anal lobes not prominent.

Mine. — Larvae leaf-miners on Erigeron caespitosus Nutt. Single available mine (Fig. 46) apparently primary blotch (without

initial linear channel), formed largely on upper surface of leaf (where appearing greenish white in reflected light) but with

terminal feeding on lower surface; faeces deposited as particles mostly in centre of mine; larva leaving leaf through semicircular

slit on lower surface before puparium formation.

Type. — Bolotype d from larva 27.vii.72 on Erigeron caespitosus Nutt., near S end Kluane

LaKe (canyon on Sheep Mountain at 4000 feet elevation; 61° 2' N, 138° 32' W), Yukon

Territory, emerged 9.V.73, leg. G. C. D. Griffiths.

Remarks. — The host-plant, Erigeron caespitosus Nutt., has a limited distribution on dry sites

in Yukon and Alaska, disjunct from its main distribution in mountains and prairies far to the

South. It is particularly common in the area of active loess deposition aroiind the South end of

Kluane Lake. The name ovimontis (“of Sheep Mountain”) refers of course to the type locality.

Phytomyza pieninica Nowakowski 1963

Phytomyza pieninica Nowakowski. Nowakowski, 1963: 43. Bolotype d, Pienin Mountains

(Poland), in Instytut Zoologiczny, Polska Akademia Nauk, Warsaw.
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This species was described by Nowakowski on the basis of material bred from initially linear,

becoming blotchy terminally, mines in leaves of Aster alpinus alpimis L. collected on the summit

of Sokolica (747 metres elevation) in the Pienin Mountains. There is nothing to add to the very

detailed original description. Nowakowski interprets his species, no doubt correctly, as closely

related to Phytomyza conyzae Hendel, the well-known European miner of Inuleae. However,

he erred in postulating i\vdi Phytomyza asteris Hendel was also closely related (see below under

Chromatomyia). In P. pieninica, as in P. conyzae, the puparium is formed inside the leaf, an

apotypic habit here evolved independently (for instance, of Chromatomyia and i\\Q Phytomyza

robustella group) within the P. albiceps group.

Phytomyza erigerophila Hering 1928

Phytomyza erigerophila Hering. Hering, 1927: 1 16. ~ 1928a; 174. De Meijere, 1928; 169.

Hendel, 1935: 396. Syntypes 2 99, Berlin (Germany), in Zoologisches Museum, Humboldt

Universitat, Berlin.

Phytomyza asteribia Hering. Hering, 1935c: 81. De Meijere, 1937: 213. Syntypes <59, Alter

Stolberg (Germany), in Zoologisches Museum, Humboldt Universitat, Berlin.

NEW SYNONYMY.

Adult. - Head with orbits not or only narrowly projecting above eye in lateral view; genae in middle 0.2 - 0.35 times eye

height; eyes with only sparse fine pubescence. Frons at level of front ocellus about twice width of eye. Only one ors (posteriorly

directed) present; normally two ori (inwardly directed), anterior 0.4 - 0.7 times posterior (but in a few specimens also short

third ori, see note on variation below); orbital setulae one-rowed. Peristomal margin with vibrissa and 3-5 upcurved peristomal

setulae. Third antennal article somewhat quadrate distally (not evenly rounded), with short fine pubescence, relatively larger

in relation to size of head (height 0.3 - 0.4 times eye height) than in most other species of P. albiceps group.

3-1-1 dc; acr in 2-4 rows anteriorly; 3-8 presutural ia; 1-5 postsutural ia; inner pa about 0.33 as long as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg^/mg^ 1.6 - 2.1 (means: 6

,

1.8; 9, 1.85). Wing length: c5, 1.4 - 1.8 mm
(mean 1.7 mm); 9, 1.55 - 1.85 mm (mean 1.8 mm).

Frons largely yellow to orange-yellow, with ocellar plate and verte.x contrastingly black (vte on dark ground; vti on boundary

between dark and pale ground); orbits largely or completely yellow, at most with fine whitish dusting along eye margins and

becoming brownish posteriorly. Face orange-yellow at sides, with varying degrees of infuscation in antennal pits (in some

specimens no more than ochreous). Genae yellow to orange-yellow. Occiput black. Antennae with first article yellow-brown

to dark brown, second article brown to black, third article black. Palpi black: labeUa yellow. Thora.x largely dark, strongly

grey-dusted (only weakly shining), but mesonotum with conspicuous yellow patches at corners of humeral calli and on

postalar calli; mesopleuron with narrow whitish dorsal band along notopleural suture; seam of mesopleural suture whitish;

wing base and squamae yellowish white, latter with ochreous to brown fringe. Legs with coxae, trochanters and femora

largely dark, with tips of femora contrastingly yellow; tibiae and tarsi largely deep yeUow to yellow-brown, at most with

middle of hind tibiae infuscated. Abdomen largely dark brown. Basal cone of ovipositor (9) grey-dusted on dorsal surface

on basal third to half.

Male postabdomen with 8th sternum fused with 6th tergum. Telomeres represented by densely setulose apical lobes of

periandrium, not delimited by suture. Pregonites with unpigmented ventral extensions (shielding base of aedeagus at rest).

Aedeagus as Fig. 25; left basal sclerite reduced, less than half as long as right basal sclerite, joined with latter by band of

sclerotization near base; row of 12-15 conspicuous spinules along dorsal margin of right basal sclerite; medial lobe absent;

distal section entirely membranous and unpigmented, held adpressed against dorsal side of basal section by genital pouch

when at rest, containing single ejaculatory duct (with apical chamber, but apparently not bifid). Ejaculatory apodeme small

(Fig. 26).

Puparium and third instar larva. - Described by de Meijere (1928*, 1937), in the latter work as/*, asteribia. Mandibles with

two alternating teeth; right mandible longer than left. Anterior spiracles with two very short horns, with 8-10 bulbs in widely

open ellipse; posterior spiracles on short conical projections, only slightly raised above level of last segment, with 8-16 bulbs

in broad oval ellipse (nearly circular in some specimens). Puparia brown to black, 1.4 - 1.75 mm long, with prominent anal

lobes.

Mine. - Larvae leaf-miners on Erigeron md Aster amellus L. Mine (Fig. 47) basically linear, 3-5 cm long, 1.5 - 2 mm wide

terminally, but in some cases (especially in smaller leaves) with secondarily blotchy areas; faeces deposited as fine particles,

partly forming short beaded strips; most mines confined to upper surface of leaf (where appearing greenish white or greenish

* Note that de Meijere confused two of his figure captions; the figure of the posterior spiracles of P. erigerophila, intended to

to be labelled as Fig. 23b, has been mislabelled 24a.
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brown in reflected light when fresh), but a few partly on lower surface; larvae leaving leaf through semicircular slit, in most

cases on upper surface, before puparium formation.

The mine has previously been figured by Hering (1955).

Material examined. - Syntype 9 (labelled as d), 1 d paratype from larvae 17.vi.26 on Erigeron

acris acris L., Berlin (-Frohnau), Germany, emerged 5-6.vii.26, leg. O. & M. Hering (no. 2931).

1 d from larva 24.V.66 on Erigeron acris acris L., Muhlhausen (Katzentreppen), Thuringia,

Germany, emerged 6-9.vi.66, leg. H. Buhr(no. 2774). 1 d from larva 25.vii.74 on Erigeron

acris acris L., Graitschen (near Jena), Thuringia, Germany, emerged 6.ix.74, leg. K. H. Zoerner

(no. 4124). 1 9 from larva 4.ix.66 on Erigeron acris acris L., Dobien ( Wittenberg district),

Germany (without emergence date), leg. K. H. Zoerner (no. 331).

1 d from larva 8.vii.35 on Aster amellus L., Alter Stolberg (Siidharz), Germany, emerged

23.vii.35, leg. M. Hering (no. 4314) (syntype of P. asteribia). 1 9 from larva 22.V.71 on Aster

amellus L., Bad-Blankenburg, Thuringia, Germany, emerged 6-7.vi.71, leg. K. H. Zoerner (no.

3233). 1 d from larva 6.vi.74 on Aster amellus L., Jena (Leutratal), Thuringia, Germany,

emerged 8.ix.74, leg. K. H. Zoerner (no. 4113).

3 dd 3 99 from larvae 5.vi.73 on Erigeron glabellus glabellus Nutt., Scotford Sandhills (5

miles W Bruderheim), Alberta, emerged 22-24. vi. 73, leg. G. C. D. Griffiths. 1 9 from larva

16.vi.71 on Erigeron glabellus glabellus Nutt., Elk Island National Park, Alberta, emerged 3.vii.

71, leg. G. C. D. Griffiths. 3 dd 2 99 from larvae 14.vii.75 on Erigeron acris L. subsp. politus

E. Fries), Edmonton (Whitemud Creek), Alberta, emerged 29.vii-l .viii.75, leg. G. C. D. Griffiths.

2 dd 2 99 from larvae 30.viii.73 on Erigeron glabellus Nutt, subsp. pubescens (Hook.), 1

1

miles N Jasper (shaded rock outcrop at 3400-3500 feet elevation), Jasper National Park,

Alberta, emerged 25-27. iv. 74, leg. G. C. D. Griffiths.

Variation. - The above description is based on European and Central Albertan material,

between which no significant differences have been detected. However, the series of four

specimens from the Rocky Mountains (Jasper National Park) requires comment. These are

significantly darker than the rest of the material (orbits extensively infuscated, ochreous to

dark brown; only small yellow patches at corners of humeral and postalar calli; middle and

hind tibiae largely infuscated), and three of them are significantly larger (wing length: d, 1.9

mm; 9, 2.0 mm, 2.25 mm). The other male is an obvious dwarf (wing length 1 .6 mm, costal

ratio mg
2
/mg4 only 1.45), probably outside the normal range of variation. Most probably

this series represents a distinct subspecies. It is perhaps possible that the differences are only

seasonal, since the Jasper series is the only one from overwintered puparia, and for this reason

I am making no nomenclatural proposal at this time. But I regard this as unlikely, since seasonal

dimorphism has never been reported in adults of the P. albiceps group. The mines from which

the Jasper series was bred were linear throughout and significantly longer (8-10 cm) than those

from other areas.

I am unable to find any clear-cut distinction between material bred from Aster amellus L.

in East Germany from that bred there from the typical host, Erigeron acris L. It is possibly of

significance that all three specimens from Aster before me have three ori and less markedly

enlarged third antennal articles (height only about 0.3 times eye height) than is the case in

most specimens bred from Erigeron. But they are not outside the range of variation of the

latter, as shown (for instance) by Zoerner’s Dobien specimen. I therefore propose to synonymize

P. asteribia withF. erigerophila, at least at the species level. A statistical analysis of more ex-

tensive material than presently available is desirable to clarify whether there are grounds for

supposing that the flies on Erigeron and Aster constitute more or less distinct series of popula-

tions (ecological subspecies).

Other records. - Additional European records of this species are as follows.

Britain — Not confirmed, but a sample of empty mines which 1 collected 14.ix.61 on

Erigeron acris acris L. at Oxwich (Gower Peninsula, Wales) may well belong

to this species.
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France

HoUand

Denmark

Norway

Finland

Germany

Poland

Czechoslovakia

Corsica

Bulgaria

Bred from Erigeron acris acris L. near Grenoble (Spencer, in press).

Meijendel, on Erigeron acris acris L. (Hering, 1959).

Localities for mines on Erigeron given by S^nderup (1949).

Records given by Spencer (in press).

Probably some of the mines on Erigeron recorded from various localities by

Linnaniemi (1913) were produced by this species, although no confirmed

adults are yet available. However, Linnaniemi indicated that he did not think

all his mines identical.

Additional localities for mines on Erigeron acris acris L. have been given

by Buhr (1932), Hering (1955) and Zoerner (1970). Buhr (1941a) records

the mines in Rostock Botanical Gardens on Erigeron glaucus Ker-Gawl,

E. grandiflorus Hook, and its var. elatior Gray, E. neglectus Kern., E.

polymorphus Scop, and E. uniflorus L. Records for mines on Erigeron

canadensis L. from localities in Mecklenburg are given by Buhr (1954),

and there is also a mine on this plant from the Berlin Botanical Garden

in Hering’s mine herbarium.

Recorded on Erigeron acris acris L. from Krosno (Crossen an Oder) by

Hering (1932) and from the Dziwndw Peninsula by Nowakowski (1954).

Localities for mines on Erigeron acris acris L. given by Skala & Zavfel (1945)

and Zavfel (1956), and for mines on Aster amellus L. by Skala & Zavfel

(1945); also sheets of Aster amellus L. for Kromen:Tand Strabisov in

Hering’s mine herbarium.

Recorded on Erigeron canadensis L. at Corte and Piana by Buhr (1941b).

Dschabokrek, on Erigeron canadensis L. (Buhr, 1941b).

Remarks. — The supposed male syntype of this species is in fact a female; so there are two

female syntypes.

This species is evidently multivoltine throughout its range, and the early feeding of the first-

generation larvae is noteworthy.

Phytomyza solidaginis Hendel 1920

Phytomyza solidaginis Hendel. Hendel, 1920: 159. — 1935: 479. De Meijere, 1926: 292. —

1928: 174. — 1938: 93. Hering, 1927: 112. Lectotype 9 by present designation, Vienna

(Austria), in Naturhistorisches Museum, Vienna.

Adult. - As described forP. erigerophila, except as follows.

Normally two ori, anterior 0.3 - 0.8 times posterior (but in one male also short third ori on one side). Third antennal

article relatively less enlarged (height about 0.3 times eye height), rounded to subquadrate apicaUy. Acr in 3-5 rows anteriorly;

6-13 presutural ia; 2-4 postsutural ia. Costal ratio mg 9/mg4 2.2 - 2.7 (mean 2.4). Wing length; (5, 1.9 mm; 9, 1.9 - 2.2 mm
(mean 2.0 mm).

Colour paler. Vertex ochreous yellow to brownish, not contrastingly darker than yellow Irons (both vt thus on yellowish

or brownish ground); orbits completely yellow. Face not or only weakly infuscated in antennal pits. Genae clear yellow.

Occiput largely dark, but becoming yellow on sides ventrally. Antennae with first article yellow-brown, second article brown

to dark brown, third article dark brown to black. Palpi yellow-brown to brown. Humeral callus of mesonotum largely yeUow

with brownish centre patch (and in some specimens sutural triangle more or less brownish). Tibiae and tarsi largely yellow

in all specimens (at most with hind tibiae somewhat infuscated). Abdomen largely brown to dark brown.

Aedeagus as Fig. 27; reduced left basal sclerite with group of 6-7 small spinules along dorsal margin at apex, not joined

basally with right basal sclerite; row of 20-26 spinules along dorsal margin of only partially pigmented right basal sclerite.

Ejaculatory apodeme larger (Fig. 28).

Puparium and third instar larva. - Described by de Meijere (1926, 1928, 1938). Mandibles with two alternating teeth;

right mandible longer than left. Anterior spiracles with two short horns, with 9-11 bulbs in widely open ellipse; posterior

spiracles on short conical projections, with 11-17 bulbs in narrow, partly open ellipse. Puparia brown to black, 1.65 -1.75 mm
long, with prominent anal lobes.

Mine. - Larvae leaf-miners on Solidago. Mine entirely linear, 6-9 cm long, 1.5- 2 mm wide terminally, formed entirely

on upper surface of leaf, greenish white in reflected light when fresh (but later in many cases becoming discoloured reddish

violet or rusty yellow); faeces deposited as fine particles, mostly forming beaded strips; larvae leaving leaf through semicircular

slit, in most cases on upper surface, before puparium formation.

The mine has been figured by Hering (1927, 1957).

Material examined. — Lectotype 9 from larva on Solidago virgaurea virgaurea L., Hiitteldorf
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(near Vienna), Austria, emerged 15.vi, leg. F. Hendel. 1 d (? syntype) from larva on Soliclago

virgaurea L. (without locality label), emerged 23.vi.19, leg. F. Hendel. 1 9 (? syntype) from

larva on Soliclago virgaurea virgaurea L., Weidling (near Vienna), Austria, emerged 2.viii. leg.

F. Hendel. 1 9 (? syntype), Wienerwald, Austria, leg. P. Low. 1 6 from larva vi.31 on Soliclago

virgaurea virgaurea L., Berlin (-Finkenkrug), Germany, emerged 30.vi.31, leg. M. Hering (no.

3795). 1 9 from larva 13.vi.66 on Soliclago virgaurea virgaurea L., Miihlhausen (Stadtwald),

Thuringia, Germany (without emergence date), leg. H. Buhr (no. 2857). 1 9 from larva 29.V.67

on Soliclago virgaurea virgaurea L., Jena (Leutratal), Thuringia, Germany, emerged 15.vi.67,

leg. H. Buhr (no. 3329). 1 9 from larva 13.vi.70 on Soliclago virgaurea virgaurea L., Thale

(Harz), Germany, emerged 28.vi.70, leg. K. H. Zoerner (no. 2381). 1 9 from larva 27.ix.53 on

Soliclago virgaurea virgaurea L., Darenth Wood, Kent, England, emerged 1 l.v.54, leg. G. C. D.

Griffiths. 1 9 from larva on Soliclago virgaurea virgaurea L., Halsingborg, Skane, Sweden (with-

out dates), leg. N. S. Ryden (type of form liendeli Bryk).

Other records. — This species is widespread in Central Europe. Other published records are summarized as follows. Except

where otherwise stated, all records are based on specimens bred from, or mines found on, Solidago virgaurea E.

Britain - Confirmed only for Darenth (Kent). Since flies bred from Solidago in other

areas have so far all proved referable to P. virgaureae, Spencer’s (1954a) record

for Derbyshire remains doubtful.

Spain - Montserrat, 23.vi.33 (Hering, 1935b).

Belgium — Eoret de Meerdael (Collar!, 1942).

Germany - Additional records given by Voigt (1929), Buhr (1932, 1964) and Hering (1955).

Buhr (1932, 1941a, 1954) also gives records for cultivated hosts (Solidago canadensis

E., S. radula Nutt., S. nigosa Mill., S. serotina Ait. and S. sliortii Torr. et Gray) in

Mecklenburg.

Switzerland — Sheet for Pontresina (3.viii.64) in Hering’s mine herbarium.

Austria — Also sheets for Haselbachgraben and Hinterstoder in Hering’s mine herbarium.

Italy - Alto Adige (Hartig, 1939).

Czechoslovakia - Recorded by Stary (1930), Kvicala (1938), Zavrel (1953, 1960), Skala & Zavfel

(1945) and Seidel (1957).

Roumania - Herculesbad, Banat (Hering, 1924).

Bulgaria - Rila Mountains (Buhr, 1941b).

Poland - Beiger (1973) has listed the numerous Polish records up to that date. Additional

records are given by Michalska (1973) and Michna (1975).

Norway - Records given by Spencer (in press).

Sweden - Recorded by Ryden (1926, 1933, 1934, 1937, 1951, 1952) and Eundqvist (1949).

Finland — Einnaniemi’s (1913; 93) records have been generally assumed to refer to this species,

but confirmation by breeding is needed.

Russia - Moscow region (Rohdendorf, 1960).

Ukraine - Middle Dnieper (Puchkova, 1961).

Remarks. — This species is, as far as known, confined to Soliclago. HendeFs (1935) listing

of Aster amellus L. as a host was doubtless due to confusion with P. erigeropliila. There is a

possibility of some confusion in the records between mines of this species and those of P.

virgaureae, as already mentioned in my remarks on the latter. The distribution indicated by

the published records, as summarized above, should therefore be checked critically by future

workers in the countries concerned.

HendeFs (1920) original description was based on three specimens, which thus constitute

syntypes. However there are more than three specimens in HendeFs collection, and the only

specimen which can confidently be assumed to be one of the original three is a female labelled

“Typus” by Hendel. This is now formally designated as lectotype.

Bryk ( 1929) has described as “form hendeir a female bred by Ryden in which the costa

extends to vein m^ 2’ ^">0^ merely to r4 + 5
as normally in Pliytomyza. In other respects the

specimen (now in Berlin) seems normal. Bryk’s name, being clearly intended to denote an

aberration, does not enter species-group nomenclature in the sense of the 1961 International

Code of Zoological Nomenclature.
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It is clear that Nowakowski (1962: 105) was correct in interpreting/*, erigerophila Hering

and P. solidaginis Hendel as sister-species (“siblings”), as evidenced by the striking synapo-

inorphies in the structure of the aedeagus (left basal sclerite reduced; medial lobe absent;

distal section membranous).

(b) Chromatomyia Hardy

The definition of Chromatomyia has been explained in Part V (Griffiths, 1974a).

The known Chromatomyia miners of Astereae belong to two groups. First, the C. syngenesiae

group, for which I have presented updated keys in Part VII (Griffiths, 1974c). And, secondly,

the C erigerontophaga group, so far known only from North America, which is characterized

by unusually complex sclerotization of the aedeagus. This latter group may be recommended

as study material to anyone wishing to investigate the structure of the aedeagus in Chromatomyia,

since the complete course of the ejaculatory duct can be determined without difficulty under

the dissecting microscope.

Chromatomyia asteris (Hendel 1934)

Phytomyza sp. De Meijere, 1926: 299.

'"Phytomyza tenella Meigen”. Hering, 1927: 130 (in part). De Meijere, 1928: 176. — 1934: 287.

Phytomyza asteris Hendel. Hendel, 1934: 352. Spencer, 1972: 87. Holotype d, Magdeburg

(Gemiany), in Naturhistorisches Museum, Vienna.

Chromatomyia asteris (Hendel). Griffiths, 1974a: 37. — 1974c: 217.

Adult. - Conforming with my general description of the C. syngenesiae group (Griffiths, 1967:2), except as otherwise

stated.

Orbits rather broad, distinctly projecting above eye in lateral view; anterior ori very short or absent in most specimens

(but half as long as posterior ori on one side in one male); orbital setulae in 1-2 rows (partly 2-rowed in some specimens).

Pubescence of third antennal article short; arista with thickened basal section short, less than 0.33 of arista length (not

angularly delimited). 4-10 acr present in more or less 2 rows; 2-4 presutural ia; 1-4 postsutural ia. Costal ratio mg-)/mg4

1.4 - 1.9 (means: (5, 1.55; 9 , 1.75). Wing length: (5, 1.6 - 2.2 mm (mean 1.95 mm); 9 ,
2. 1 - 2.4 mm (mean 2.3 mm). Length

of hind metatarsus: 6, 0.2 - 0.25 mm (mean 0.225 mm); 9, 0.275 mm.
Frons (including orbits) entirely yellow except dark ocellar plate; dark colour of occiput not or only narrowly (posterior

to base of vte) extending onto vertex and posterior eye-margin; face yellow at sides, infuscated to varying degree in antennal

pits; antennae with first and second articles clear yellow (strongly contrasting with black third article); palpi orange-yellow

to yellow-brown. Front trochanters and tips of front coxae yellow to ochreous yellow. Costa yellow to yellow-brown. Basal

cone of ovipositor (9) grey-dusted on basal half to two-thirds.

Aedeagus as Fig. 29; basal sclerites becoming broad and obscurely defined distally; dorsal lobe (Uberdachung) uncleft,

entirely unpigmented or with traces of pigmentation only basally on centre-line (mediane Chitinversteifung), without clearly

differentiated supporting sclerites; distal tubule bent upwards at single point before about apical third (compare C. syngenesiae

Hardy, C. farfarella (Hendel) and C. kluanensis Griffiths); sac below distal tubule (Halbballon) not papillose, relatively small,

with hind margins unsclerotized. Ejaculatory apodeme as Fig. 30.

The aedeagus has previously been figured by Spencer (1972). German words in the above description refer to von Tschirnhaus’

(1969) detailed discussion of the aedeagus of the C. syngenesiae group.

Puparium and third instar larva. — Described by de Meijere (1926, 1928). Differing from those of most other species of

the C. syngenesiae group (except C. kluanensis Griffiths, see Part VH) in respect of the larger spiracles with more numerous

bulbs. Anterior spiracles knob-shaped, with 18-22 irregularly distributed bulbs; posterior spiracles on short conical projections,

knob-shaped, with 24-33 bulbs in irregular stellate pattern. Puparia white, 1.9 - 2.4 mm long.

Mine. - Larvae leaf-miners on Aster tripolium L. Mine entirely linear, remaining narrow terminally (1-1.5 mm wide), in

most cases much convoluted; faeces deposited as discrete particles, mostly separated by over 1 rnm in terminal part of mine;

mine on upper or lower surface of leaf, rather inconspicuous (due to fleshy nature of host-plant’s leaves), with channels near

surface greenish white in reflected light when fresh. Puparium with its ventral surface adjacent to lower surface of leaf, with

its anterior spiracles projecting ventrally through epidermis.

Material examined. - Holotype 6 (in Hendel collection), 2 99 (in Berlin) from larvae vii.20

on Aster tripolium T., Siilldorf (near Magdeburg), Germany, emerged 8.viii.20, leg. M. Hering

(no. 1584). 2 66 from larvae and puparia 18.vii.71 on Aster tripolium L., Hecklingen (Magdeburg

district), Germany, emerged 31.vii - 2.viii.71, leg. K. H. Zoerner (no. 3434); 1 9 from puparium
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16.vii.72, same plant and locality, emerged 1 9-23.vii.72, leg. K. H. Zoerner (no. 3698). 7 dc5

(caught), 20-30.V.68, Dagebiill/Nordsee, Germany, leg. M. von Tschirnhaus. 1 6 (caught), 27.

vi.54, Faversham, Kent, England, leg. G. C. D. Griffiths. 2 99 from puparia 12.ix.61 on Aster

tripoliwn L., Llanrhidian, Gower Peninsula, Wales, emerged 19.ix.61, leg. G. C. D. Griffiths;

also preparation of larva from this sample. Preparations of two larvae from Poulnaclogh Bay,

Clare, Ireland (4.ix.66) and one from Pagham, Sussex, England ( 10.vi.62), all from Aster

tripoliiim L.

Distribution. — This species is found mainly in coastal salt marshes.

Additional Irish records have been given by Griffiths (1968) and Spencer ( 1972). Since

these include localities on both the East and West coasts, it seems likely that the fly will be

found all round the coast with its host-plant. The same is probably the case for England and

Wales (localities on the East, South and West coasts listed above), but we do not known how

far North the range extends.

On the continent of Europe the presence of this species has been confirmed along the coasts of

the North Sea and Baltic from Ostend in Belgium (Collart, 1942), the Zuiderzee in Holland

(de Meijere, 1926 & 1934), Copenhagen (de Meijere, 1928) and Falster (S^nderup, 1949) in

Denmark, Schleswig-Holstein (Dagebiill, as recorded above), as far East as Mecklenburg

(localties given by Buhr, 1941a and Zoerner, 1970).

The only inland localities so far known are in the Magdeburg district of East Germany, as

recorded above.

Remarks. - The relationships of this species have long been misinterpreted. Hering (1927)

confused it sniWv Phytomyza tenella Meigen, a seed-feeder on Scrophulariaceae which is not

at all closely related. Nowakowski ( 1963) incorrectly assumed that it was the sister-species

of \\is Phy tornyza pieninica, which is a true Phytomyza belonging to the P. albiceps group

(see above). The structure of the aedeagus (Fig. 29) indicates that asteris in fact belongs to

the Chromatomyia syugenesiae group. I have presented a revised key to the World species of

this group in Part VII (Griffiths, 1974c).

HendePs (1934) statement that Copenhagen was the type-locality of this species seems to

have been a lapsus. While Hering had indeed collected it at Copenhagen, the holotype (the

sole specimen in HendePs collection) is from Hering’s Magdeburg series.

Chromatomyia horticola (Goureau 1851)

This polyphagous member of the C. syugenesiae group has been recorded from Aster and

Erigeron in the Old World (Griffiths, 1967). See that paper for further information, including

synonymy. It is noteworthy that Beilis and Solidago are virtually the only Compositae which

are not attacked by polyphagous species of the C. syugenesiae group in Europe.

Chromatomyia erigerontophaga (Spencer 1969)

Phytomyza erigerontophaga Spencer. Spencer, 1969: 239 ( in part). Holotype 6, Peary Land

(Greenland), in Universitetets Zoologiske Museum, Copenhagen.

Chromatomyia erigerontophaga (Spencer). Griffiths, 1974a: 37.

Adult. - Head with rather broad orbits, in lateral view distinctly projecting above eye anteriorly; genae in middle 0.4 - 0.6

times eye height; eyes with only sparse fine pubescence. Frons at level of front ocellus about twice width of eye; orbits

occupying 0.4 - 0.5 times frons width. Two ors, of about equal length, posteriorly directed; only one strong (inwardly directed)

ori (anterior ori short or absent); orbital setulae in 1-2 rows. Peristomal margin with vibrissa and 3-5 upcurved peristomal

setulae. Third antennal article somewhat enlarged (height 0.4 times eye height), with short fine pubescence, more or less

angled at upper distal corner (uniformly rounded only ventrally).

3-1-1 dc; acr few (5-11, mostly anteriorly situated in more or less two irregular rows); 3-6 presutural ia; 1-2 postsutural ia;
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inner pa short, less than 0.25 as long as outer pa.

Second cross-vein (m-m) absent. Costal ratio mg
2
/mg4 1.0 - 1.3 (means; c5, 1.1; 9, 1.15). Wing length: 6, 2.1 - 2.2 mm

(mean 2.15 mm); 9, 2.1 - 2.45 mm (mean 2.3 mm).

Colour almost entirely dark. Frons dark brown at least anteriorly, at most becoming partly brownish or ochreous posteriorly

(especially on either side of ocellar plate). Genae dark brov/n. Labella yellow. Thorax densely grey-dusted (scarcely shining)

over black ground-colour; seams of notopleural and mesopleural sutures ochreous yellow or greyish; wing base ochreous to

yellow-brown; squamae greyish, with dark margin and fringe. Legs largely black, but with tips of all femora contrastingly

bright yellow. Basal cone of ovipositor (9) grey-dusted on dorsal surface on basal third to half.

Male postabdomen with 8th sternum apparently absent (no trace of line of fusion with 6th tergum). Telomeres not

delimited from periandrium, indicated by dense group of fine setulae. Pregonites not extending ventrally. Aedeagus as Fig.

31-33; basal sclerites rather long; below distal part of basal section arise pair of slender divergent sclerites with spiniform

tips (? sclerites of medial lobe), these asymmetrically developed (the left extending further distally than the right); dorsal

lobe with large central excavation, its sclerotization (supporting sclerite complex) consisting of broad basal plate (in some

specimens rather weakly pigmented) confluent with sclerite on centre-line through whose base the ejaculatory duct passes;

pair of small lateral sclerites at junction of basal and distal sections; distal section with pair of conspicuous convergent sclerites

(strongly upcurved in lateral view) fused distally below gonopore; transverse pigmentation of rim of distal section beyond

gonopore weak or absent (contrast C. thermamm n. sp.); ejaculatory duct distinctly pigmented within basal section, but

virtually unpigmented distal to base of supporting sclerite complex. Ejaculatory apodeme very small, but strongly pigmented

(Fig. 34).

Pupariiim and third instar larva. — Mandibles with two alternating teeth; right mandible longer than left. Spiracles small

and knob-shaped, with bulbs distributed more or less in circle; anterior spiracles with 7-8 bulbs; posterior spiracles on short

conical projections, with 9 bulbs. Puparia yellowish white, 2.4 - 2.6 mm long.

Mine. - Larvae leaf-miners on Erigeron, entering more than one leaf before completing development. Mine (terminal

part as Fig. 48) mainly in petiole and basal part of leaf, on upper or lower surface, appearing whitish or greenish white in

reflected light when fresh; faeces deposited as discrete particles. Puparium with its ventral surface adjacent to (upper or

lower) surface of leaf, with its anterior spiracles projecting ventrally through epidermis, in most cases formed in petiole or

near base of leaf.

Material examined. - 10 9 99 paratypes from puparia 12.vii.66 on Erigeron eompositus

Pursh, Nedre Midsommer So, Peary Land, Greenland, emerged 1 2-14.vii.66, leg. J. E. H. Martin;

also two puparia and some mined leaves from this sample preserved in alcohol. 2 99 caught 16.

vii.66 & 15.vii.67 on flowers of Erigeron eompositus Pursh, Lake Hazen Camp (81° 49' N,

71° 18' W), Ellesmere Island, Canada, leg. P. G. Kevan; 2 99 (caught), 19.vi & 30.vii.62, same

locality, leg. J. E. McAlpine and R. B. Madge. 1 6 paratype from puparium on Erigeron

eriocephalus J. Vahl, Erobisher Bay, Baffin Island, Canada, emerged 6.vii.65, leg. D. Dittrich.

1 6 paratype (caught), 29.vii.61, Cape Thompson, Alaska, leg. B. S. Heming. Also leaf-mines

with puparia on Erigeron eriocephalus J. Vahl from Erobisher Bay, Baffin Island (3 & 13.vii.48,

leg. Senn & Calder) and Erigeron humilis Graham from Crater Eake (58° 02' N, 64° 02' W),

Labrador (24.vii.54, leg. Gillett).

Remarks. — This species has figured in studies of pollination ecology on Ellesmere Island

by Kevan (1972a, 1972b, 1973), where the adults have been regularly found on the flowers

of the larval host-plant, Erigeron eompositus Pursh. This is surprising, since most Agromyzidae

show no interest in flowers except for the few which seek them as oviposition sites. According

to Kevan’s observations, this species is the only regular visitor of its host-plant’s flowers and

compensates for the damage it causes as a larva by pollinating the host. Whether the flies visit

the flowers for feeding or for some other purpose has not been established.

The above description is based on the material from the Eastern Arctic. Spencer’s (1969)

original description states a wider range of variation, since he included (and designated as

paratypes) two specimens (69) from Cape Thompson, Alaska (caught 29.vii.61 by B. S. Heming).

The identity of these requires clarification. The male (on whose aedeagus Spencer’s Eigs. 427-

428 are based) agrees well with material from the Eastern Arctic except that it has two strong

ori of about equal length. But the female has a costal ratio mg
2
/mg4 (1.6) well outside the

range of Eastern Arctic material, in this respect resembling the new species described below

as C. tliermarum. However, it clearly does not belong to the latter species, as its head coloration

is dark as in true C. erigerontopliaga. I am inclined to assume that the male from Cape Thompson

has been correctly included in C. erigerontopliaga, while the female represents a closely related
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Lindescribed species. More material from the Western Arctic is needed to clarify this question.

Note in comparing my figures of the aedeagus with those of Spencer ( 1 969) that his lateral

view (Fig. 427) has been printed upside down in relation to his other figures.

Mines of the type described for C. erigewntophaga also occur at high elevation in the Rocky

Mountains (5900-6700 feet on Mount Cavell) in basal rosettes of Erigeron debilis (Gray). The

identity of their producer has not yet been established. There must be two generations a year,

as only empty puparia were found on 27.viii.73.

Chromatomyia thennamm new species

Adult. — As described for C. erigewntophaga, except as follows.

Genae in middle 0.3 - 0.4 times eye height. Height of third antennal article 0.4 - 0.45 times eye height. Acr very variably

developed (5-18, in 2-3 rows anteriorly); 2-9 presutural ia; 0-2 postsutural ia. Costal ratio mg:>/mg4 1.5 - 1.9 (mean 1.65).

Wing length: c5, 2.05 - 2.45 mm (mean 2.3 mm); 9, 2.25 - 2.6 mm (mean 2.4 mm).

Colour somewhat paler. Centre of frons ochreous yellow to orange-brown anteriorly, becoming more or less clear yellow

posteriorly (especially on either side of ocellar plate). Genae yeUow-brown to brown. Seams of notopleural and mesopleural

sutures whitish yellow to ochreous yellow; wing base whitish yellow or yellow; squamae yellowish white with ochreous to

dark fringe. Basal cone of ovipositor (9) grey-dusted on basal half to two-thirds.

Distal section of aedeagus (Fig. 35-36) with conspicuously pigmented lateral pegs at base of convergent sclerites, and

with transverse pigmentation of rim beyond gonopore conspicuously developed.

Puparium and third instar larva. - Similar to those of C. erigerontophaga. Anterior spiracles knob-shaped, with 9-12

irregularly distributed bulbs; posterior spiracles also knob-shaped, on short conical projections, with 9-12 bulbs distributed

more or less in circle or more irregularly. Puparia white or yellowish white, 2.1 - 2.5 mm long.

Mine. - Larvae miners on Erigeron philadelphicus L., when in basal rosettes mostly entering more than one leaf before

completing development. Mine (Fig. 49) partly in petiole and basal part of midrib of leaf (and partly in adjacent stem in

the case of mines formed in stem-leaves), with linear channels, on upper or lower surface or (mostly) more or less full-

depth, radiating into leaf parenchyma, appearing whitish in reflected light when fresh; faeces deposited as fine particles,

in most mines partly forming beaded strips. Puparium with its ventral surface adjacent to surface of leaf, with its anterior

spiracles projecting ventrally through epidermis, in most cases formed in petiole (on upper or lower surface); on lower surface

if formed in leaf blade.

Types. - Holotype 6, 3 c5c5 5 99 paratypes from larvae and puparia 4.ix.69 on Erigeron

pJnladephicus L., Liard Hot Springs (59^^ 10' N, 126° W), British Columbia, emerged 8.ix-

4.x. 69, leg. G. C. D. Griffiths. 1 d 2 99 paratypes from larvae and puparia 1 5- 22.vii.71 on

Erigeron philadelphicus L., Elk Island National Park, Alberta, emerged 30.vii-l .viii.7 1 ,
leg.

G. C. D. Griffiths. Id 19 paratypes from larvae l.vi.75 on Erigeron philadelphicus L., George

Lake Field Station, Alberta, emerged 12-1 5. vi. 75, leg. G. C. D. Griffiths.

Remarks. — The name thermarum (“of the hot springs”) refers to the type locality, Liard

Hot Springs, where this species is abundant. Here its host-plant grows on tufa terraces and on

the edge of hot pools (with water temperatures up to 40° C). The late emergence dates of the

type series indicate that at least one additional generation occurs in autumn in this thermally

favoured habitat. The rich vegetation of these hot springs and the surrounding area has been

treated by Porsild & Crum (1959).

I can also report this species from the Edmonton area, where I have noted the mines as

common on Erigeron philadelphicus L. in the valleys of Whitemud and Blackmud Creeks

during June 1975.

Some unclarified or incomplete records

Additional unclarified or incorrect records, not mentioned in the preceeding text, are as

follows.

1. Phytomyza tripolii de Meijere (1924: 148). De Meijere (1924) has described this species

on the basis of a specimen allegedly bred from Aster tripolium L. in Holland. I am not able to

interpret this species. Hendel (1936: 520) reported that the holotype male was an unpigmented

and partly shrunken teneral specimen. He was not even certain to which genus it belonged, since
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he could not determine the curvature of the orbital setulae. His conclusion that the species

was probably 3. Paraphytofuyza ( “Fhytagromyza”) rested solely on the authority of de Meijere’s

statement that these setulae were curved upwards, a statement which can hardly command
confidence if Hendel could not confirm it by observation. No flies agreeing with de Meijere’s

description have subsequently been obtained from Aster tripolium L. among the numerous

breedings of K. A. Spencer and myself in the British Isles and of M. von Tschirnhaus in Schlewsig-

Holstein. So there is a strong suspicion that de Meijere’s data may have been confused. Unfor-

tunately the holotype can no longer be found either in de Meijere’s or in Hendel’s collections.

In this circumstance I can only regard Pliytomyza tripolii de Meijere as a nomen dubium. If

the holotype turns up one day, it will be possible to establish its identity by dissection of the

genitalia (which in agromyzids are fully pigmented before emergence, and thus allow teneral

specimens to be identified without special difficulty).

2. Phytomyza insperata Hendel (1927: 262). Hendel (1927) described this species on the

basis of a female allegedly bred from Solidago virgaurea L. at Bisamberg (near Vienna), Austria.

Subsequently (Hendel, 1935; 482) he concluded that his data were probably in error, and

synonymized the species yNiih Phytomyza sonchi Robineau-Desvoidy, the well-known miner

of Compositae Cichorieae. Spencer (1965: 254) now regards Phytomyza marginella Fallen

as a prior name for this species. I have seen the holotype of P. insperata and accept Hendel’s

(1935) opinion.

3. I have traced no bred material from Eastern North America. There are published records

of mines of ''Phytomyza albieeps Meigen” on several Aster and Solidago species there (Frost,

1924). This identification can be taken to indicate species of the Phytomyza albieeps group,

but not the true P. albieeps Meigen (an exclusively European species). The two types of mine

on Aster macrophylhis L. in Quebec figured by Spencer ( 1969: 283) are probably also attributable

to species of the P. albieeps group.

4. Sasakawa (1961: 453) has listed Aster trinervius Roxb. as a host of the Japanese species

which he identified (incorrectly) as Phytomyza homogyneae Hendel. See my note on Part VI

(Griffiths, 1974b: 1 15). The identity of the species concerned cannot be established without

further information. Aster and Homogyne seems to me an unlikely host combination, since

the latter belongs to the Senecioneae.

POSTSCRIPT

In an effort to repeat the breeding of Phytomyza solidaginivora Spencer, I paid special

attention last summer to mines on Aster modestus Lindl. I did not succeed in this objective,

so my identification of this plant as the true host of P. solidaginivora remains provisional. I

did however succeed in breeding a new species of Phytomyza from this plant in the Swan Hills,

an area to the northwest of Edmonton characterized by higher rainfall and a shorter growing

season than the lowland boreal forest of Central Alberta. These hills form a refugium for many

subarctic and cordilleran species. Aster modestus, which is very local in the Edmonton region,

is the most common species of Aster in the Swan Hills, and was the only species noted at eleva-

tions above 3500 feet. The new Phytomyza bred from it is clearly to be grouped with P. astero-

phaga Spencer and P. ciliolati Spencer, as indicated by the synapomorphous structure of the

aedeagus (spinules situated near base of basal section on area of weakly pigmented sclerotiza-

tion confluent with right basal sclerite).

Phytomyza anserimontis new species

Adult. - As described iox P. asterophaga, except as follows.
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Anterior ori about half as long as posterior ori, with short third (anterionnost) pair of ori in female paratype. 3 - 4 upcur-

ved peristomal setulae. 10-12 presutural ia; 6 - 7 postsutural ia. Costal ratio mg-,/mg^ 2.45 (c5 ), 2.7 (9 ). Wing length: 6 ,

2.5 mm; 9, 2.8 mm.

Orbits somewhat infuscated (brownish) along eye margins; lunule also infuscated in female paratype. Mesonotum with

postalar callus distinctly whitish, and in holotype with traces of pale coloration also at corners of sutural triangle (but in fe-

male paratype scarcely paler here).

Aedeagus (Fig. 51) with area of weakly pigmented sclerotization connuent with right basal sclerite longer and bearing

two separate groups each of 3 - 4 stout spinules (7 spinules in total); distal section entirely unpigmented.

Puparium and third instar larva. - Similar to those ofP. asterophaga, but with more numerous spiracular bulbs. Anterior

spiracles with about 15 bulbs; posterior spiracles with 20 - 26 bulbs, arranged more or less in broad oval ellipse or partly in

irregular stellate pattern. Puparia 1.9 - 2.1 mm long.

Mine. — Larvae leaf-miners on Aster rnodestus Lindl. Mine (Fig. 50) entirely linear, 25 - 30 cm long, 1.5 - 2 mm wide

terminaUy; faeces deposited mostly in long black threads on alternate sides of mine (with breaks where they alternate from

one side to the other, not more or less continuous throughout mine as in P. ciliolati) \ mine formed largely on upper surface

of leaf (where appearing greenish white in reflected light when fresh), but wdth initial channel on lower surface; larvae leaving

leaf through semicircular slit on lower surface before puparium formation.

Types. - Holotype 6,19 paratype from larvae 14-1 5.viii.75 on Aster rnodestus Lindl.,

Goose Mountain (54° 45' N, 1 16° 2'W at 4450 feet elevation). Swan Hills, Alberta, emerged

26-27. iv. 76, leg. G.C.D. Griffiths.

Remarks. — This species is evidently univoltine, with the larvae feeding much later than

its likewise univoltine relative P. asterophaga. It is not confined to high elevation in the Swan

Hills region, as I also collected a few larvae on the Sakwatamau River (54° 25'N, 1
16° 5'W)

at only 2800 feet elevation ( 24.viii.75).

The mines of P. anserimontis were recognized in the field as different from those of

P. ciliolati, which 1 have also found on Aster rnodestus, on account of their greater length

and different faecal pattern. The different size of the puparia will also help to distinguish

these species. I did not find P. ciliolati at the sites where P. auserimoutis was collected,

perhaps because as a multivoltine species it is less well adapted to areas with a very short

growing season.

The specific epithet anserimontis (“of Goose Mountain”) refers of course to the type

locality.
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0.1 mm

section of aedeagus, ML medial lobe, PhPH phaUophore); 2, distal section of aedeagus in ± anteroventral view; 3, ejaculatory

bulb and apodeme. Fig. 4. Phytomyza ciliolati Spencer (c5), distal section of aedeagus in left lateral view. Fig. 5-7. Phytomyza

despinosa n. sp., holotype d:5, aedeagus in left lateral view; 6, distiphallus in dorsal view; 7, ejaculatory bulb and apodeme.
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0.1 mm

Fig. 8-9. Phytomyza solidaginivora Spencer, holotype (5: 8, aedeagus in left lateral view; 9, distiphallus in ± anterodorsal view.

Fig. 10-12. Phytomyza phalangites n. sp., holotype d: 10, aedeagus in left lateral view; 11, distal section of aedeagus in

ventral view; 12, ejaculatory bulb and apodeme. Fig. 13. Phytomyza astotinensis n. sp. (holotype (5), distal section of aedeagus

in left lateral view.

Quaest. Ent., 1976 12 (3)



Fig. 14-16. Phytornyza virgaureae Hering, syntype 6 : 14, aedeagus in left lateral view; 15, distal section of aedeagus in ±

anteroventral view; 16, ejaculatory bulb and apodeme. Fig. 17-18. Phytornyza solidaginophaga Sehgal (d), Jasper: 17, aedeagiu

in left lateral view; 18, ejaculatory bulb and apodeme.
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Fig 19-^1 Phytomyza bellidina Hering, paratype c5: 19, aedeagus in left lateral view; 20, distal section ot aedeagus in ±

antcrovcntral view; 21, ejaculatory bulb and apodeme. Fig. 22-23. Phytomyza hoppi Hering, paratype d : 22, aedeagus in

left lateral view; 23, ejaculatory bulb and apodeme.

Quaest. Ent., 1976 12 (3)
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Fig. 24. Phytomyza ovimontis n. sp. (holotype (5 ), aedeagus in left lateral view. Fig. 25-26. Phytomyza erigerophila Hering

((5 ), Scotford Sandhills, Alberta: 25, aedeagus in left lateral view; 26, ejaculatory bulb and apodeme. Fig. 27-28. Phytomyza
solidaginis Hendel ((5 ) from Hendel collection: 27, aedeagus in left lateral view; 28, ejaculatory bulb and apodeme.
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36

Fig. 29-30. Chromatomyia asteris (Hendel), holotype d ; 29, aedeagus in left lateral view; 30, ejaculatory bulb and apodeme.

Fig. 31-34. Chromatomyia erigerontophaga (Spencer), paratype d(Peary Land) (BSc basal sclerites, DLdorsal lobe of

aedeagus, DSdistal section of aedeagus, EjDejaculatory duct, PhPH phallophore): 31, aedeagus in left lateral view; 32,

dorsal lobe of aedeagus in + posterodorsal view; 33, distal section of aedeagus in ± dorsal view; 34, ejaculatory bulb and

apodeme. Fig. 35-36. Chromatomyia thermarum n. sp., holotype 6: 35, aedeagus in left lateral view; 36, distal section of

aedeagus in + dorsal view.

Quaest. Ent., 1976 12 (3)
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Fig.

40.

Leaf

of

Aster

sibiricus

L.

with

mine

of

Phytomyza

despinosa

n.

sp.

Fig.

4F

Leaf

of

Astereae

sp.

(probably

Aster

modestus

Lindl.)

with

mine

of

Phytomyza

solidaginivora

Spencer.

Fig.

42-43.

Leaves

of

Solidago

canadensis

L.

with

mines

of:

42,

Phytomyza

astotinensis

n.

sp.;

43,

Phytomyza

solidaginophaga

Sehgal.

Fig.

44.

Leaf

of

Solidago

multiradiata

Ait.

with

mine

of

Phytomyza

scopulina

n.

sp.

Fig.

45.

Leaf

of

Erigeron

peregrinus

(Pursh)

subsp.

callianthemus

(Greene)

with

mine

of

Phytomyza

peregrini

n.

sp.

Fig.

46.

Leaf

of

Erigeron

caespitosus

Nutt,

with

mine

of

Phytomyza

ovimontis

a

sp.

Fig.

47.

Leaf

of

Erigeron

glabellus

glabellus

Nutt,

with

mine

of

Phytomyza

erigerophila

Hering.

Fig.

48.

Leaf

of

Erigeron

eriocephalus

J.

Vahl

with

terminal

part

of

mine

of

Chromatomyia

erigerontophaga

(Spencer).

Fig.

49.

Leaf

of

Erigeron

philadelphicus

L.

with

mine

of

Chromatomyia

thermarum

n.

sp.



'I

278 Griffiths

50

0.1 mm
I

Fig. 50. Leaf oi Aster modestus Lindl. with mine of Phytomyza anserimontis n.sp. Fig. 51. Phytomyza anserimontis n.sp.

(holotype d), aedeagus in left lateral view.
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BOOK REVIEW

PRICE, Peter W. 1975. Insect Ecology. John Wiley and Sons, New York. Hard covers, x +

514 pages. Taxonomic index, author index, general index. $16.10 (Canada).

The importance of insect ecology in the applied fields of forestry, agriculture and medicine

is reflected in the extensive studies of these animals that involve their relationships to each

other, to other organisms and to the physical environment. Even by the end of the last cen-

tury a considerable amount of literature had accumulated and new information was appearing

at a very rapid rate. This situation, which has been continuing since then, has contributed no

doubt to the paucity of books dealing comprehensively with insect ecology. Books or mono-

graphs on various aspects of insect ecology have, of course, been produced; examples are:

Uvarov’s “Insects and Climate”, (1931); Folsom’s “Entomology with Special Reference to

its Ecological Aspects”, (1922); Sweetman’s “The Biological Control of Insects”, (1936);

Grahams “Principles of Forest Entomology”, (1929) and, more recently, “The Ecology of

Insect Populations in Theory and Practice” by Clark, Geier, Hughes and Morris (1967) and

“Insect Population Ecology” by Varley, Gradwell and Hassell (1973). The first formal course

in insect ecology was probably taught by R.N. Chapman in 1917 at the University of Minne-

sota and from his lecture notes he produced the first text on insect ecology; “Animal Ecolo-

gy with Special Reference to Insects” (1931). In his preface. Chapman mentions the diffi-

culty of keeping pace with the expanding literature, but nevertheless his book, quantitative

in its approach, served as the standard text in insect ecology for many years even though it

was hopelessly out of date ten to fifteen years after publication and was never revised. In

1954 Andrewartha and Birch surprised the academics with their iconoclastic yet authorita-

tive “Distribution and Abundance of Animals”. This work proved to be particularly useful

to insect ecologists and was indeed acclaimed for provoking discussion and for providing a

theoretical framework for others to build on, e.g. Glasgow’s “The Distribution and Abundan-

ce of Tsetse” (1963).

Now, over 20 years later, new and exciting advances in ecology have made the need for a

book in insect ecology greater than it ever was. Fortunately, Price has produced a book that

fulfills this need admirably. Though faced by the same problems that confronted Chapman,

he has undauntingly put together a relatively small book (433 pages of text and figures) yet

one that gives a cohesiveness to the topic that has not been given before. I read this book from

beginning to end with great pleasure.

The book consists of four parts; the first is entitled “Trophic Relationships”. I found the

chapter on trophic structure rather elementary and the chapter on energy flow somewhat

cluttered with seemingly unrelated and barely touched-on topics as “evolution of insect

279
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flight” and “energetics of insect locomotion”. But the chapters on coevolution of plants

and herbivores and of prey and predator, and on predator-prey population dynamics are

very thorough treatments of topics with which Price is obviously familiar. Part 2, “Popula-

tions”, contains material on population growth, life tables, ecological genetics and biologi-

cal control. The chapter on population dynamics is particularly good especially the part on

population regulation; Table 9. 1 organizes the diverse theories on this topic in the most lo-

gical and succinct way. Part 3 is entitled “Coexistence and competition”. The chapters in

this section deal with the latest theories on the niche concept and division of resources and

partitioning of species in communities. Competition, both intraspecific and interspecific, is

dealt with quite adequately in another chapter. The final chapter in this section — “Social

Systems and Behaviour” - is concerned mainly with territoriality in insects and I do not

think that this topic, which is concerned with one of many types of insect behaviour, need-

ed the emphasis given to it this way. Part 4 is an especially interesting section that is entitled

“Communities and Distributions”. Such topics as succession, community development, struc-

ture and organization and diversity and stability are thoroughly covered and I was very im-

pressed by the synthesis of ideas on latitudinal trends of species diversity. A chapter devoted

to pollination ecology indicates the importance that the author attributes to this subject but

since Price throughout the book consistently draws on principles derived from contemporary

studies in plant ecology and leans heavily on insect-plant coevolution as a fundamental prin-

ciple of insect ecology his inclusion of this very readable and enlightening chapter is certain-

ly justified. In fact, the approach taken by Price toward insect ecology is from the point of

view of evolutionary biology and thus appropriately the final chapter in the book is entitled

“Paleoecology and Biogeography”.

Unlike Andrewartha and Birch, Price does not take sides strongly on any of the current

issues in ecology nor does he propose any new and potentially controversial theories, but

instead has provided a succinct account of ecology today, using insects as examples as much

as possible. Strangely, diapause is not discussed and I was very surprised to see no mention

of any of the numerous studies of bark beetle pheromones that are implicated in aggregation

of populations and in population regulation (see Vite and others. 1967-71. Boyce Thompson

Inst. Contr. 24; 249-350). Photoperiodism and biological rhythms are also not discussed.

I found surprisingly few errors*, eight typographical in the text and one error in Table 7.2

and one citation where a male author is referred to as “she”.

In general I think the author has succeeded in his purpose of producing a book intended

for senior undergraduates and graduate courses in insect ecology and one that will be a use-

ful addition to the library of anyone interested in ecology, either directly as in general eco-

logy, or in the peripheral areas of systematics or applied biology.

W.G. Evans

Department of Entomology

University of Alberta

Edmonton, Alberta T6G 2E3
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Frontispiece. Habitus oi Hippodamia oregonensis Crotch, an alpine member of Coccinellidae.



COCCINELLIDAE OE WESTERN CANADA AND ALASKA WITH ANALYSES OF
THE TRANSMONTANE ZOOGEOGRAPHIC RELATIONSHIPS BETWEEN THE

FAUNA OF BRITISH COLUMBIA AND ALBERTA
(INSECTA: COLEOPTERA; COCCINELLIDAE)

JOSEPH BELICEK
NORCOR Engineering and

Researeh Limited

Yellowknife, Northwest Territories Quaestiones Entomologicae

XOE IHO 12: 283-409 1976

The eoeeinellid fauna of western Canada and Alaska is represented by 88 recorded species,

currently classified in 25 genus-group taxa, which in turn are arranged in eight tribes and five

subfamilies. A synopsis of the classification ofNorth American eoeeinellid genera is provided.

Keys are provided for all family-group and genus-group taxa of western Canada and Alaska,

and for most species. Each genus is diagnosed and described in terms of adults, and type species

and junior synonyms are indicated for each generic name. Provided for each species are: synony-

mic list, comparative characterization, description, discussion of variation, taxonomic notes

and notes on habitat, based on adults. For some species figures of diagnostic structural charac-

teristics are also given. Three species, Hyperaspis jasperensis, (type locality: ALBERTA, Jasper

National Park, Bald Hills), Hyperaspidius hercules, (type locality: ALBERTA, Medicine Hat),

and Anatis borealis, (type locality: ALBERTA, Edmonton) are described as new. Thirty two

specific names are listed as synonyms for the first time. Geographic distribution ranges are

mapped for species reported from the study area. The beetles were collected in a variety of

habitats including high altitude alpine, subalpine, boreal forest, arctic tundra, and semidesert

arid grasslands of southeastern Alberta. Of the species recorded for western Canada and Alas-

ka, 64 are recorded for Alberta and 75 for British Columbia, with 46 species common to both

provinces. Sixteen species are confined to the west of the Continental Divide (Rocky Mountain

Trench). Five species are known only from grasslands of southeastern Alberta and southwestern

Saskatchewan. Nine of the 88 species (10.2%) are shared with the Palaearctic Region, and five

species (5.6%>) are shared with Central America. The remaining 74 species are exclusively North

American. Nine species are endemic to western Canada and Alaska. The possible origin and the

composition of the western Canadian-Alaskan eoeeinellid fauna is re-examined on the basis of

available geological evidence, especially the extent of Wisconsin glaciation in North America,

and location ofpossible refugia. Approximately 85%) of the present fauna is probably derived

post-glacially from North America south of the southern limit of glaciation, 12%o from the

Rocky Mountains refugia, and 3%o from the Beringian refugium. The transmontane zoogeogra-

phy of the Alberta, British Columbia portion of the fauna is discussed in detail. Altitudinal

distributions are also briefly commented upon in some instances. The Rocky Mountains are

not an effective barrier to dispersal of coccinellids. The Rocky Mountains played a significant

role in the development of the North American eoeeinellid fauna, mainly as a source of new

habitats.

Nous reconnaissons dans I’ouest Canadian et en Alaska 88 especes rdparties en 25 genres. Nous partageons neuf especes

(10.2%) avec la rdgion Palaearctique, et cinq especes avec I’Am&ique centrale. Les autres especes sont exclusivement nord-

amdricaines. Neuf especes sont endemiques d notre re'gion.

Nous pourvoyons des clefs pour I’identification jusqu'au niveau de Vespece. Nous avons de'erit les trois especes suivantes:

Hyperaspis jasperensis (localite-type: ALBERTA, Parc national de Jasper, Bald Hills), Hyperaspidius hercules (localite'-type:

ALBERTA, Medicine Hat), et Anatis borealis (localitd-type: ALBERTA, Edmonton). Nous citons pour la premiere fois 32

noms spdcifiques comme synonymes. Pour chaque espece nous donnons: la liste synonymique, une description comparative
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I

breve, une description detailUe, une discussion de la variation, des notes taxonomiques, et une description de I’habitat. De
plus nous illustrons les structures diagnostiques, et prdsentons sur cartes geographiques la distribution nord-amdricaine des

especes connues de notre rdgion. Des 88 especes locales, 64 se rencontrent en Alberta, 75 en Colombia britannique, et 46
en commun dans les deux provinces. Seize des especes ne se rencontrent qu’d I’ouest de la ligne du partage continental dex
eaux. Cinq des especes ne se trouvent que dans les prairies du sud-est de VAlberta et du sud-ouest de la Saskatchewan.

Nous discutons I’origine probable et la composition des coccinellides de notre rdgion d I’aide d’dvidences gdologiques

(dtendue des glaces durant le Wisconsin en Amdrique du nord, et distribution des refuges glaciaires potentiels). Environs 85%
de la faune prdsente vient du sud de la limite glaciaire, 12%o a survdcu dans les refuges des Rocheuses, et 3%o dans le refuge de

Bdringie.

Nous avons collectionnd les coccinellides dans une grande diversity d’habitats dont les rdgions alpines, sous-alpines, bordales,

artiques, et des prairies arides. Nous discutons les probldmes zoogdographiques de VAlberta et du la Colombia britannique en

ddtail. De plus nous commentons sur la distribution en altitude de certaines especes. Les Rocheuses ne prdsentent pas un

obstacle important a la distribution des coccinellides. Cependant ces montagnes ont joud un rdle dans le ddveloppement de

la faune nord-amdricaine des coccinellides d cause d’une abondance d’habitats nouveaux.

CONTENTS
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Materials and Methods 286
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Zoogeography 354
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Figures 376
Index 402

INTRODUCTION

Purpose, nature and scope of this work. — The North American beetle fauna with estimated

28,600 species (Arnett, 1967) is one of the better known in the world. Comprehensive and de-

tailed regional faunistic studies are logical continuations to further refine and increase this

knowledge. Presented here is a faunal-taxonomic study of one family of Coleoptera, the

Coccinellidae, in western Canada and Alaska, based mainly on external morphological fea-

tures of adults, with emphasis on color pattern.

The primary objective of this study was first, to determine the composition of the western

Canadian-Alaskan coccinellid fauna, and to integrate this information into the framework of

current classification of Coccinellidae. Secondly, analyses of the transmontane relationships

between the coccinellid fauna of British Columbia and Alberta elucidate some problems con-

nected with geographic isolation of species, refugia, vicariance and speciation.

Coccinellidae in general. - Coccinellid beetles are one of the better known groups of

Coleoptera: primarily because of their popularity among naturalists for distinctive appearance,

and their diurnal, non-secretive mode of life; secondarily, coccinellids received considerable

attention as potential biological control organisms of some agricultural and forest pests. Faunis-

tically, the group is best known from Europe, Japan, and eastern North America. The coccinel-

lid faunas of Africa, Australia, Asia, and South America have been investigated only superfi-

cially. There has been little effort made to integrate the widely scattered, and diverse informa-

tion about coccinellids into the framework of a classification for the taxa described. Authors

prior to 1900 did not understand how extensively color could vary within single species, so

it is generally impossible to identify a described species without access to type m.aterial. Most

color variants in polymorphic species were described as distinct species, eventually resulting

in long synonymies and chaos in nomenclature. I estimate that, at present, the world fauna is

represented by more than 4,200 described species. This is approximately 75% of the total

number of extant species.

North American Coccinellidae. — More than 400 described species of Coccinellidae comprise
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the North American fauna, with highest diversity in the southwestern part of the continent.

Undoubtedly, additional species will be described, mainly in the genera Scymnus (sensii latiore),

and Hyperaspis Dejean. The family is in need of a revision on a continental basis, but more

detailed knowledge is required for the southern elements of the Nearctic fauna and those of

Middle America.

Major contributions to knowledge of North American Coccinellidae are papers by: Brown

(1950, 1962, 1967); Brown and de Ruette ( 1 962); Casey ( 1 899, 1908, 1 924); Chapin ( 1 946,

1965a, 1965b); Crotch (1873, 1874a, 1874b); Dobzhansky (1931, 1935, 1941); Gordon (1970a,

1970b, 1970c, 1970d, 1970e, 1972, 1974a, 1974b, 1976); Horn (1895); LeConte (1850, 1852,

1854, 1878); Leng( 1903a, 1903b, 1908, 191 1, 1920); Leng and Mutchler (1933); McKenzie

( 1 936); Nunenmacher( 1909, 191 1, 1912a, 1912b, 1913, 1934a, 1934b, 1937, 1944, 1946,

1948); Say (1824, 1826, 1835); Stehr (1930); Timberlake (1943); Watson (1954, 1956);

and Wingo(1952).

Coccinellid fauna of western Canada and Alaska. ~ A historical account of general insect

collecting in northern Canada was given by Freeman (1958). Treatment of coccinellids of

this fauna is limited to lists of taxa only. These are: Fall ( 1 926), and Scott ( 1 933) for Alaska;

Leng (1919) for Northwest Territories; Brodie (1888); Carr (1920) for northern Alberta;

Anonymous (1906), Clark (1948), Dobzhansky (1935), and Keen (1895) for parts of British

Columbia. Hatch (1962) in his synopsis of species of beetles in the Pacific Northwest covered

British Columbia.

THE STUDY AREA: MOUNTAIN SYSTEMS

The study area consisted of the American state of Alaska, the Canadian Yukon Territory,

Northwest Territories, provinces of Alberta and British Columbia. Almost a quarter of the

North American continent in size, the study area is physiographically varied and complex.

Three major physiographic regions occupy most of the area: (1) Cordilleran region; (2) part

of Interior Plains; and (3) part of the Canadian Shield. Munroe (1956) discussed in a general

way Canada as an environment for insect life.

The North American Cordillera consists of two parallel mountain systems: the Rocky

Mountain System on the east, and the Pacific Mountain System on the west. Between these

is a series of Intermontane Plateaus. The collective term Northern Rockies includes the Cana-

dian Rockies and parallel ranges of the Montana Rockies actually continuous with each other.

The easternmost section of the Northern Rockies is separated from other ranges in both the

United States and Canada by a pronounced depression known as the Rocky Mountain Trench,

extending from Flathead Lake in Montana northward to the headwaters of the Yukon River.

West of the Rocky Mountain Trench in British Columbia and the United States, is a succession

of three interdigitating mountain ranges. These are the Purcell, Selkirk and Columbia Ranges.

Each range is truncated obliquely across its northern end by the Rocky Mountain Trench,

suggesting that all three were formed prior to the eastern Rocky Mountains. The southern con-

tinuation of the three ranges is represented by the Bitterroot and associated smaller ranges in

Montana. The Interior Plains extend into the study area only in the southeastern Alberta, and

the Canadian Shield in northernmost Alberta and Northwest Territories.

Most parts of the Northern Rockies have been profoundly glaciated during Wisconsin time

by local glaciers of alpine type (Flint, 1963; Wright and Frey, 1965). The Eastern Cordillera

and Interior Plains located in Alberta and British Columbia have been extensively glaciated.

Evidence indicates that continental ice-sheet, originating in the northeast, has extended into

the west central area of Alberta at least twice, whereas in the southern part of the Province

the available evidence suggests at least five advances. During its maximum extent, continental

Quaes t. Ent., 1976 12(4)
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ice reached the eastern flanks of the Canadian Rocky Mountains in the extreme southern part

of the area, and in northeastern British Columbia, whereas in the intervening area the ice fell

short of the mountain front by tens of miles. The Rocky Mountains supported ice throughout

the Pleistocene with evidence of at least four advances, some of which extended well to the

east from the mountain front, and in places and at varying times joined the continental ice-

sheet. Although a well defined, absolute chronology is not available for the area, it is assumed

that glacial deposits located on or near the surface are Wisconsinian in age. It may be that

during the maximum extent of the “Classical Wisconsin” large tracts of the plains area of

southern Alberta were not glaciated. Areas that appear not to have been glaciated include

Cypress Hills, the higher peaks of the Rocky Mountains, and parts of the Foothills.

Farther north, in the Yukon and Northwest Territories, the effects of glaciation are less

well known. However, available evidence suggests two Continental ice advances that extended

well into the mountain front to the west. Within the mountains, available evidence supports

multiple glaciation. Wide areas between the western limits of eastern ice, and that which ori-

ginated in the mountains, were not affected, or at the most, only by a relatively early ice ad-

vance. Most of the western Yukon was not glaciated during the Pleistocene (N.W. Rutter, De-

partment of Geology, University of Alberta; Personal communication, 1975).

MATERIALS AND METHODS

Materials

During the course of this investigation 12,480 adults and more than 300 immatures of the

North American Coccinellidae were studied, most (78%) of which were collected within the

study area as defined earlier. Portions of summers (1972-73) were spent collecting in the Yukon,

Northwest Territories, British Columbia and Alberta. The states of Washington, Idaho and

Montana were also visited briefly to supplement the collections from the Canadian Rocky

Mountains. Alaska was not visited.

About 90% of the specimens studied were loaned by museums and private collectors. The

following abbreviations, as used in the text or in the records deposited in the University Archi-

ves, identify these collections and curators in charge of them.

BNPC Banff National Park Collection, Banff Museum, Banff, Alberta. J. Holroyd.

CAS California Academy of Sciences, San Francisco, California 94118. H.B. Leech,

D.H. Kavanaugh.

CDAL Canada Department of Agriculture, Research Station Lethbridge, Alberta T1 J 4B1.

A.M. Harper.

CDAS Canada Department of Agriculture, Research Station Summerland, British Columbia

VOH IZO. R.D. McMullen.

CNC Canadian National Collection of Insects, Biosystematics Research Institute, Ottawa,

Ontario KIA 0C6. E.C. Becker, R. de Ruette.

CUNY Cornell University, Ithaca, New York 14850. H. Dietrich, L.L. Pechuman.

FMNH Field Museum of Natural History, Chicago, Illinois 60605 H. Dybas.

HAHc Henry and Anne Howden collection, Carleton University, Ottawa, Ontario. H.F.

Howden.

lUB Department of Zoology, Indiana University, Bloomington, Indiana 47401. F.N.

Young.

JBel University of Alberta, Strickland Museum collection. Department of Entomology,

Edmonton, Alberta T6G 2E3. G.E. Ball

JCarr John L. and B.F. Carr collection, Calgary, Alberta T3A 1 Y2. J.L. Carr.
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MCZ Museum of Comparative Zoology, Cambridge, Massachusetts 02138. J.F. Lawrence,

J.C. Scott.

MSU Department of Zoology and Entomology collection, Montana State University,

Bozeman, Montana 59715. N.L. Anderson.

NFRC Northern Forest Research Centre, Edmonton, Alberta T6H 3S5. Fl.R. Wong, J.C.E.

Melvin.

PMRS Provincial Museum of Natural History, Wascana Park, Regina, Saskatchewan S4S 0B3.

R.R. Hooper.

UASM University of Alberta, Strickland Museum collection. Department of Entomology,

Edmonton, Alberta T6G 2E3. G.E. Ball.

UBC University of British Columbia, Department of Zoology, Vancouver, British Colum-

bia V6T 1W5. G.G.E. Scudder.

UCB University of Colorado, Department of Entomology, Boulder, Colorado 80302.

U.N. Lanham.

UCKC University of Calgary Environmental Centre Kananaskis, Kananaskis, Alberta T2N
1N4. G. Pritchard.

UIM University of Idaho, Department of Entomology, Moscow, Idaho 83843. W.F. Barr.

USNM United States National Museum, Natural History, Washington, D.C. 20560, R.D.

Gordon.

WSUP Washington State University, Department of Entomology, Pullman, Washington

99163. W.J. Turner.

WWat W.Y. Watson collection. Department of Biology, Wilfrid Laurier University, Water-

loo, Ontario N2L 3C5. W.Y. Watson.

ZIUL Zoological Institute, University of Lund, S-223 62 Lund, Sweden. C.H. Lindroth.

Methods

General. — Terms used in the text are explained where necessary. References to drawings,

photo-micrographs and maps were made in appropriate places. All measurements are in milli-

meters unless stated otherwise. Descriptions of color and measurements are based on preser-

ved specimens, and measurements are given as an interval without indication of sample size:

Total Length (TL) 6. 0-9.0 mm; Width (W) 2. 1-2.5 mm.
Descriptions. - To minimize redundancy, only characteristics peculiar to a given lower

ranking taxon are presented in its description. Characters common to all members of a given

higher ranking taxon are in the description of that group.

Dissections. — Sclerotized parts of both male and female genital armature were routinely

dissected and studied with the aid of a binocular microscope (Wild M5). Standard dissecting

techniques were used. The extracted genital armature or parts of, were stored in small plastic

vials partially filled with glycerine, and pinned through the cork, beneath the specimen.

Taxonomic methods. — Specimens were first sorted into groups based on external morpho-

logical similarity, especially size, maculation, and microsculpture. The groups thus established

were further sorted by geographic locality, e.g., east or west of the Rocky Mountains. A sur-

vey of the male genital armature within each group refined the sorting further yet. To analyze

color variation, I examined the male genital armature in at least 10 most extreme variants in

groups where needed. After this preliminary sorting, most specimens could be assinged to

species. Comparisons with type specimens were made where possible. Depository of type spe-

cimens is indicated where known. Most of the types of species described by J.L. LeConte and

G.H. Horn are in the Museum of Comparative Zoology at Cambridge, Massachusetts. Other

important collections containing type specimens are as follows: M.E. Mulsant and V.T. Mots-

chulsky. University of Moscow, Soviet Union; J.F.W. Herbst and J. Weise, Museum fur
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Naturkunde, Berlin; G.R. Crotch, Cambridge University, England; C. Linnaeus, British Museum
of Natural History, England; and J.C. Fabricius, Zoological Museum at Copenhagen, Denmark.

Subspecies were not recognized. Wilson and Brown (1953) pointed out the arbitrariness

and difficulties in recognition and naming of subspecific taxa. In Coccinellidae many of the

species exhibit pronounced geographic variation, particularly of color and pronotal and elytral

maculation of adults. Recognition of subspecies based on single character systems, i.e., elytral

maculation, or male genital armature is not satisfactory. Independent character systems gener-

ally show independent geographic variation (Shull, 1945, 1946a). Thus I agree with the above

authors that naming of subspecies generally obscures much variation.

Illustrations

Fig. 1-78 were adapted and redrawn from Hatch (1962), or McKenzie (1936), and I here

acknowledge their use. Descriptions are supplemented by line drawings of other structures

where appropriate. The drawings were made with the aid of a camera lucida mounted on a

Wild M5 stereoscopic microscope. Antennae, tarsal claws, microsculpture, were photographed

with the aid of a scanning electron microscope (Cambridge, Stereoscan S4). Some photomicro-

graphs are reproduced as such, (Fig. 173-188) to show details which otherwise would be lost

in line drawings. In some instances, figures were traced from photomicrographs (Fig. 190-191).

Distribution maps based on records that I was able to confirm by examination of specimens

are provided for species reported from the study area.' Detailed distribution records for this

material are in the Archives of the University of Alberta, and will be made available on request

addressed to the Department of Entomology.

Taxonomic literature

Only those published works directly pertinent to classification of North American Coccinel-

lidae were cited. Generally excluded were references to works which did not propose any

changes, either in concepts or nomenclature, e.g., faunal lists and catalogues. Since the Inter-

national Commission for Zoological Nomenclature does not regulate the use of names for

varieties or aberrations, such names, as published in the literature were generally disregarded

and are omitted from synonymies here.

CLASSIFICATION

Family Coccinellidae

Coccinelle Olivier, 1808:991; Coccinellides Leach, 1815:1, Aphidiphagi Latreille, 1818:531; Aphidiphaga Kirby, 1837:

228; Coccinoloidea Hope, 1840:28, 156; Aphidicola Motchulsky, 1845:332; Coccinelliens Blanchard, 1845:201, Securipal-

pes Mulsant 1846: 1; Coccinellidea Costa, 1849: 1 ;
Coccinellae LeConte, 1852: 130; Pseudotrimera Emmons, 1854:136;

Coccinelles Bouillon, 1858: 1; Siphonophora Verhoeff, 1895:73; PseudococcineUidae Weise, 1887: 185. Cerasommatidiidae

Brethes, 1925:199.

See Korschefsky (1931, 1932) for a listing of the earlier literature on the family.

Diagnostic characterization

Adults. - Prominently convex to subhemispherical in shape. North American members,

TL 0.8-12 mm. Few atypical representatives elongate-oval and oblong. Elytra entire, not

striate or truncate, either glabrous or pubescent. Elytra and pronotum maculate or not, macu-

lation of distinct spots or bands. Tarsal formula 4-4-4, article 3 greatly reduced; or 3-3-3. Tar-

sal claws appendiculate, cleft or simple (Fig. 181-188). Antennae of 7 to 11 articles each, re-

tracted beneath head at rest (Fig. 192).

Larvae. - Elongate, campodeiform. TL 2-18 mm. Head prognathous. Antennae of 1, 2, or

generally 3 articles each. Mandibles sickle-shaped, enlarged at base, with retinaculum (except
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in Microweisea). Hypopharyngeal bridge well developed. Maxillary palpus of 3 articles, except

in Noviini with 2 articles each. Labial palpus of 1 or 2 articles each. Ocelli three. Abdomen ten

segmented, covered with setae and sclerotized plates with tubercles.

Major contributions to morphology and systematics of coccinellid larvae are papers by:

Bbving (1917); Emden ( 1 949) ;
Gage ( 1 920) ;

Kamiya ( 1 964) ;
Klausnitzer (1970); Savojskaja

(1960, 1962, 1963, 1964a, 1964b); Savojskaja and Klausnitzer (1 973); Strouhal (1927).

Pupae. — Obtect, without cocoons; in species of some genera, e.g., Chilocorus, Epilachna,

pupae are partially enveloped by last larval skin. Attached to substrate by caudal end. Pupae

of North American coccinellid species were discussed from the standpoint of structure, taxon-

omy and phylogenetic relationships by Phuoc and Stehr (1974).

Description of adults

Beetles of minute to medium size (0.8 - 18.0 mm). Body prominently convex to subhemispherical; members of some taxa

elongate-oval, oblong. Color: varied, all colors of visible spectrum represented; members of several taxa concolorous or met-

allic; majority maculate or pronotum and elytra by distinct spots or bands. Vestiture: dorsal surface glabrous or pubescent,

ventral surface and legs setose. Microsculpture: varied, from surface smooth (Fig. 81), to distinctly punctate (Fig. 84), or

shagreened (isodiametric meshes well impressed, as in Fig. 79, 80, 82).

Head. Capsule transverse quadrate, corners round. Compound eyes large, situated latero-anteriorly. Ocelli absent. Post-

antennal process projected into eyes anteriorly, widely so in Epilachnini, Psylloborini and some Coccinellini; narrowly in

Stethorini, Scymnini, Noviini, ScymnUini, Coccidulini, some Coccinellini, and Sticholotini. Surface of eyes finely faceted

except in Coccidulini and Lithophilini.

Antennae. (Fig. 175, 177, 178, 192). Inserted in front of eyes, generally of 11 articles each, moderately long and clavate.

Freely movable and retractile. Number of articles and/or length reduced in many groups.

Labrum. Transverse quadrate sclerite with rounded sides. Narrower than clypeus, except in Rodolia. Exposed or not.

Mandibles. Prominent in most members, acute at apex, bifid or not, most groups with basal tooth. In Sticholotini, with-

out basal tooth and with simple apex. Epilachnini without basal tooth, with several denticles and large teeth on cutting edge.

Maxillae. Each of 4 articles. Apical article varied in shape in different groups, from triangular (securiform) to trapezoidal

or slender and conical. Galea elongate, setigerous.

Labium. Of three parts; submentum, mentum and prementum. Labial palpus of 3 or 2 articles each (Fig. 191).

Thorax. Pronotum relatively large, convex. In some groups explanate anteriorly and/or laterally. Externally visible part

of prosternum T-shaped, with broad intercoxal process and lateral wings in front of coxae. Prosternum of members of some

species with distinct longitudinal carinae (posternal carinae) on the surface of intercoxal process. Mesosternum short, with

median posterior intercoxal process. Middle coxal cavities open. Surface of metasternum with arcuate femoral line, extended

postero-laterally from middle coxal cavity.

Elytra. Convex to prominently convex, not truncate or striate. External margin reflexed, or explanate in some groups

(Chilocorini) exceptionally. Epipleura with or without foveae for reception of hind femora.

Hind wings. (Fig. 189). Large and functional in most groups. Reduced and non-functional in members of some Euro-

Asian genera, e.g., Stictobura, Lithophilus.

Legs. (Fig. 173, 174). Coxae normal type, non-variant. Trochanters, of normal type for Cucujoidea. Femora grooved.

Tibiae, normal to variously modified, spinose and grooved (Fig. 176). Distal ends of middle and hind tibiae with or with-

out spurs. Tarsal formula 4-4-4, or 3-3-3 in Stethorini, part of Scymnini, Noviini, Ortalini, Aspidimerini. Tarsal claws, each

simple or variously modified, notched (Fig. 181-188).

Abdomen. With five or six visible sterna, first visible sternum being the 3rd morphological one (HI). Surface of sternum

III sculptured with oblique lines (metacoxal arcs) projected postero-laterally (Fig. 179, 180).

Male genital armature. (Plate A, p. 290). Structural components are homologous with those of other Coleoptera but

modified to such an extent that their homologies are no longer obvious. These homologies were elucidated by Sharp and

Muir (1912), Jeannel (1955), and the terms used are clarified in the following. Aedeagus: (Ae), composite structure of

median lobe and tegmen together. Basal piece: (Bp), proximal part of tegmen. Basal lobe: (Bl), part of tegmen median to

lateral lobes. Connective membrane: (Cm), tissue connecting tegmen and body wall. Internal sac: (Is), eversible membraneous

sac at apex of median lobe. Lateral lobes: (LI), paired processes of tegmen. Ejaculatory duct: (Ed), sperm duct. Median lobe:

(Ml), tubular structure bearing intromittent sac at apex, through which sperm is discharged. Tegmen: (Te), composite struc-

ture; basal lobe + lateral lobes. Tegminal strut: (Ts), sclerite articulated with abdomen. Sipho: (Si), part of median lobe.

Natural History

This was reviewed in detail by Hagen ( 1 962), Hodek ( 1 967), and Hodek et al. ( 1 973).
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PLATE A

Plate A. Diagram of male genital armature oi Hippodamia variegata Goeze. Ae.-Aedeagus. Bl.-Basal lobe. Bp.-Basal piece. Cm.-
Connective membrane. Ed.-Ejaculatory duct. Is.-Internal sac. Ll.-Lateral lobes. Ml.-Median lobe. Te.-Tegmen. Ts.-Tegminal strut.

Si.-Sipho.
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Baldiif (1935), Clausen (1940) and Hodek (1966) covered aspects of this subject at some

length.

Habitat. — The usual criterion for definition of a typical habitat is one in which a given

species completes its life cycle (Hodek, 1973). In general, adults are little restricted to a par-

ticular site because of their great mobility and search for prey. Thus, a species whose adults

are found almost everywhere, e.g., Hippodamia tredecimpimctata, is restricted to open fields

for breeding. However, some species of some genera have become associated with ants, e.g.,

Brachiacantha, Scymmis, Hyperaspis (Wheeler, 1911). Most species recorded for western Cana-

da and Alaska are predaceous (see below for food habits), and therefore primary association

is to their hosts. Habitats where I collected coccinellids range from arctic, subarctic tundra,

alpine tundra, boreal forests of western North America, chaparral, sagebrush communities,

to semidesert grasslands of southeastern Alberta.

Altitudinal distribution ofNearctic Coccinellidae. — In general, coccinellid beetles range

from sea-level to the highest peaks of North American mountains ( 1 5,000 ft; 5,000 m). Most

species are restricted to a particular habitat, which in most instances is defined by upper and

lower elevation limits. Typical alpine taxa are, e.g., Hippodamia oregonensis, Coeeinella alta,

Hyperaspis jasperensis, species which are restricted to and complete their life cycle in alpine

zone of the Rocky Mountains. Since the vertical zonation of habitats is latitude-dependent,

i.e., alpine zone is at considerably higher elevations at southern latitudes, correspondingly the

altitudinal distribution of coccinellids varies with latitude. Many species of Coccinellini form

aggregations, notable near mountain peaks (reviewed by Hagen, 1966).

Mating. — The first copulation takes place a few days after emergence and is usually repeated

several times during adult life. One copulation is in most cases sufficient to give the female

lifetime fertility, but for those of some species, e.g., Ste thorns, which lack a spermatheca, re-

peated mating is a necessity (Putman, 1955a).

Adult longevity. — Individuals of species studied in this respect had a maximum life span

corresponding to one season, or about one year. Exceptional records indicate possibility of a

second hibernation, e.g., Stetliorus (Putman, 1955a), Propylaea (El-Harri, 1966).

Parasites and predators. - Larvae, pupae, and adult coccinellids are commonly parasitized

by ichneumonid and chalcid wasps. Richerson (1970) provided a world list of parasites of

Coccinellidae. Adults are eaten by birds and bears (hibernating aggregations).

Food habits. - This topic was reviewed by: Balduf (1935); Clausen (1940); Kamiya (1966);

Hodek (1973); Sasaji (1967, 1971). Schilder and Schilder (1928) listed the prey species system-

atically. Predaceous coccinellids feed both as larvae and adults on a variety of homopterous

insects: aphids, scale insects, psyllids; immature Coleoptera (Chrysomelidae); Acarina (Tetrany-

chidae), and occasionally eat pollen and plant tissue. One group, Epilachninae, are exclusively

phytophagous on Cucurbitaceae, Solanaceae, and Leguminosae. Members of the tribe Psyllobor-

ini are specialized as fungivores, and feed on mildews of Erisyphe, Sphaerotheea, Podosphaera

species (Davidson, 1921). Larvae in general feed on the same host species as adults, and in

most instances the food preference is species-specific.

Revised generic classification of North American Coccinellidae

I followed Sasaji’s (1968) arrangement proposed for suprageneric taxa, and modified

accordingly the arrangement of genera within tribes from that used by Arnett (1968). This

classification provides a general reference for arrangement of genus-group taxa in the systema-

tic part. Taxa recorded from western Canada and Alaska are indicated by an asterisk (*).

Quaest. Ent., 1976 12(4)



292 Belicek

SUBFAMILY STICHOLOTINAE (*)

Tribe Serangiini

Dephastus Casey, 1899:111.

Lioscymnus Champion, 1913:125.

Tribe Sticholotini (*)

Microscymnus Champion, 1913:127.

Microweisea Cockerell, 1903:38.(*)

Smilia Weise, 1891:288. Not Germar, 1838.

Epismilia Cockerell, 1900:606. Not Fromental, 1861.

Pseudoweisea Schwarz, 1904:188. Misquotation.

Nipus Casey, 1899:132,133.

Gnathoweisea Gordon, 1970:47.

SUBFAMILY SCYMNINAE (*)

Tribe Stethorini (*)

Stethonis'^tist, 1885:65. (*)

Tribe Scymnini (*)

Scymnus Kugelann, 1794:545.

Scymnus fsenso stricto) *

Pu Ilus Mulsant, 1846:251. (*)

Nephus Mulsant, 1846: 237. (*)

Nephus (sensu stricto)

Sidis Mulsant, 1850:975.

Turboscymnus Gordon, 1976:287.

Scymnobius Casey, 1899:139.

Depressoscymnus Gordon, 1976:315.

Diomus Mulsant, 1850:951.

Cephaloscymnus Ciotch, 1873:382.

Selvadius Casey, 1899:134, 137.

Didion Casey, 1899:134, 137. (*)

Blaisdelliana Gordon, 1970:43.

Tribe Hyperaspini (*)

Hyperaspis Dejean, 1836:459. (*)

Cleothera Mulsant, 1850:541.

Oxynychus LeConte, 1850:238.

Hyperaspidius Crotch, 1873:382. (*)

Brachiacantha Dejean, 1836:458. (*)

Brachyacantha Chevrolat, 1842:705. Unjustified emendation.

Thalassa Mulsant, 1850:506, 511.

Helesius Casey, 1899:116, 129.

Tribe Cryptognathini

Calloeneis Grote, 1873: 143. Replacement name for Oeneis Mulsant.

Oeneis Mulsant, 1850:497, 500. Not Hiibner, 1819.

Delphastopsis Casey, 1924:170.

Dargo Chapin, 1955:87. Unnecessary replacement name for Oeneis Mulsant.

Tribe Scymnillini

Zagloba Casey, 1899:113.

Scymnillus Horn, 1895:110.

Zilus Mulsant, 1850:958.

Scymnilloides Sicard, 1922:355.
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SUBFAMILY CHILOCORINAE (*)

Tribe Chilocorini (*)

Axion Mulsant, 1850:477.

Chiloconis Leach, 1815:116. (*)

Chilochorus Wo'pQ, 1840:157. Misspelling.

Exochomus Redtenbacher, 1843:11. (*)

Arawana Leng, 1908:34, 38.

Brumoides Chapin, 1965a: 237. (*)

Brumus: of authors. Not Mulsant, 1850.

Halmus Mulsant, 1850:471.

Orcus Mulsant, 1850:467.

SUBFAMILY COCCIDULINAE (*)

Tribe Coccidulini (*)

Coccidula Kugelann, 1798:421. (*)

Cacidula Curtis, 1826:184. Misspelling

Cacicula Stephens, 1828:319. Misspelling

Strongylus Panzer, 1813:114. Junior synonym.

Lindorus Casey, 1899:161, 162.

Rhyzobius Sieyhtm, 1831:396.

Rhizobius Stephens, 1831:373. Misspelling.

Tribe Exoplectrini

Exoplectra Dejean, 1836:461.

Vedalia Mulsant, 1850:901, 905.

Tribe Noviini

Anovia Casey, 1908:408.

Rodolia Mulsant, 1850:280, 902.

Novius Mulsant, 1850:942. Replacement name for Nomius Mulsant, 1846.

Nomius Mulsant, 1846:213. Not Laporte, 1835.

SUBFAMILY COCCINELLINAE (*)

Tribe Coccinellini (*)

Anatis Mulsant, 1846:133. (*)

Myzia Mulsant, 1846:277> (index). (*)

/W>’sw Mulsant, 1846:129. Not Lamarck, 1818.

Neomysia Casey, 1899:98. Junior synonym.

Paramysia Reitter, 1911:136, 144. Junior synonym.

Calvia Mulsant, 1846:140. (*)

Anisocalvia Crotch, 1871:4. (*)

Propylaea y[\i\'s.2Lr\X, 1846:147, 152.

Adalia Mulsant, 1850:49. Replacement name for Idalia Mulsant. (*)

Idalia Mulsant, 1846: 133. Not Hubner, 1819.

Olla Casey, 1899:84, 93. (*)

Cycloneda Crotch, 1871:6. (*) Replacement name for Daulis Mulsant, 1850.

Daulis Mulsant, 1850:295. Not Erichson, 1842.

Coccinella Linnaeus, 1758:364. (*)

Spilota Billberg, 1820:61. Junior synonym.

Hippodamia DeJean, 1836:456. (*)

Hemisphaerica Hope, 1840:157. Junior synonym.

Adonia Mulsant, 1846:39. Junior synonym.

Ceratomegilla Crotch, 1873:365. (*)

Spiladelpha Semenov and Dobzhansky, 1923:99.

Coleomegilla Timberlake, 1920:139. Replacement name for Megilla Mulsant, 1850:24. Preoccupied.

Megilla Mulsant, 1850:24. Not Fabricius, 1804.
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CeratomagUla: Malkin, 1943:194. Misspelling.

.fi’nop/5’ Mulsant, 1850:6.

Eriopsis: Timberlake, 1943:10. Misspelling.

Macronaemia Casey, 1899:76. (*)

Micronaemia Weise, 1905:218. Unjustified emendation.

Mulsantina Weise, 1906:34. (*) Replacement name.

Cleh Mulsant, 1850:132, 135. Not Gudrin-Mdneville, 1831. Not Mulsant, 1850:162.

Pseudodeis Casey, 1908:406. Junior synonym.

AphidectaV^QisQ, 1899:375.

Bulaea Mulsant, 1850:36.

TVaemw Mulsant, 1850:30. (*)

Neoharmonia Cxoich, 1871:2.

Agrabia Casey, 1899:87. Junior synonym.

Neoharmonia Casey, 1899:90. Junior homonym.

Harmoniaspis Casey, 1908:404. Junior synonym.

Tribe Psylloborini (*)

Psyllobora Dejean, 1836:458. (*)

Phyllobora Chevrolat, 1844:43. Misspelling.

SUBFAMILY EPILACHNINAE

Tribe Epilachnini

Epilachna Dejean, 1836:460.

Tribe Madaini

Subcoccinella Huber, 1842:376.

Key to adults of the coccinellid tribes of Canada and Alaska

1 ( 0 ) Dorsal surface glabrous or only with sparse hairs 2

1
' Dorsal surface distinctly pubescent 6

2 ( 1 ) Clypeus prominently expanded laterally to emarginate eyes

Chilocorini, p. 295

2' Clypeus not prominently expanded laterally 3

3 ( 2') Body length 0.8-1 .5 mm. Terminal article of maxillary palpus conical

Sticholotini, p. 295

3' Body length greater than 1.5 mm 4

4 ( 3') Body length max. 5.0 mm. Antenna (Fig. 1 78) much shorter than interocu-

lar distance Hyperaspini, p. 295

4' Body length 3.0-12.5 mm. Antenna (Fig. 192), longer than interocular dis-

tance, and distinctly clavate 5

5 ( 4') Clypeus with prominent, forward projections in front of eyes. Anterior mar-

gin of pronotum recessed above eyes (anterior pronotal angles prominent).

Mandibles bifid at apex. Body length 3.0-12.5 mm Coccinellini, p.

5' Anterior margin of clypeus straight, without forward lateral projections.

Pronotum with anterior margin not distinctly recessed, sinuate only. Man-

dibles with multidentate apices. Body length max. 3.0 mm
Psylloborini, p.

6 ( F) Body length min. 5.0 mm, prominently convex. Mandibles multidentate

at apex Epilachnini (not recorded from the study area)

6' Body length 1.5-3. 5 mm. Mandibles simple or bifid 7

7 ( 6 ') Body elongate, oblong. Front coxal cavities open posteriorly

Coccidulini, p. 295
7' Body oval, convex. Front coxal cavities closed posteriorly 8

8 ( 1 ') Prosternum projected anteriorly to partially cover mouthparts

Stethorini, p. 295

295

296
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8' Anterior margin of prosternum straight, not projected anteriorly

Scymnini, p. 296

Key to adults of the coccinellid genera of western Canada and Alaska

Tribe Sticholotini

1 Single genus only Microweisea Cockerell, p. 296

1

Tribe Stethorini

Single genus only Stethoms Weise, p. 297

1 ( 0 )

r

2 ( n

9
'

3 (
2')

3'

Tribe Scymnini

Metacoxal arcs incomplete, not curved anteriorly, paraded laterally to

sternal margin. Prosternum carinate. Tarsal formula 3-3-3. Antenna of

10 articles Nephus Mulsant, p. 306

Metacoxal arcs various, recurved anteriorly. Tarsal formula 4-4-4 2

Metacoxal arcx incomplete, semicircular. Ultimate article of maxillary

palpus securiform, much wider than penultimate article. Antenna of 1

1

articles. Pronotum with sides continuous in outline with elytra

Scyrnnus (Scymnus) Kugelann, p. 300

Metacoxal arcs complete 3

Ultimate article of maxillary palpus securiform

Scyjunus (Pullus) Muhant, p. 303

Ultimate article of maxillary palpus slender, only slightly wider than pen-

ultimate article. Pronotum with sides markedly narrower than base of elytra .

Didion Casey, p. 299

Tribe Hyperaspini

1 (0) Front leg with anterior margin of tibia spinose (Fig. 1 76)

Brachiacantha DQ}Qan, p. 317

1

'

Front leg with tibia normal, slender 2

2 ( U) Anterior margin of mentum cordiform, epipleuron foveate for reception of

hind femur (Fig. 174) Hypemspis Dejean, p. 309
2' Anterior margin of mentum straight, epipleuron not foveate

Hyperaspidius Crotch, p. 308

1 ( 0 )

V

( 1
')

Tribe Chilocorini

Tarsal claws appendiculate 2

Tarsal claws simple Brumoides Chapin, p. 320

Antenna of 10 articles Exochomus Redtenbacker, p. 319

Antenna of 8 articles Chilocorus Leach, p. 318

1

Tribe Coccidulini

Single genus only Coccidula Kugelann, p. 321

Tribe Coccinellini

1 ( 0 ) Distal end of middle and hind tibiae each with single or paired spur 2

1' Distal end of middle and hind tibiae without spurs, tarsal claw appendi-

culate, each with subquadrate basal tooth Mulsantina Weise, p. 350
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2 ( 1 )

2
'

3 (
2')

3'

4

4'

5 ( 4)
5'

6 ( 5)

7 (
5')

7'

8 ( 1 ')

8
'

9 ( 8)

9'

10 ( 8 ')

10
'

Distal end of middle and hind tibiae each with* single spur only. Tarsal

claws simple, swollen at base Anisosticta Dejean, p. 351

Distal end of middle and hind tibiae each with paired, prominent spurs ... 3

Tarsal claws appendiculate or cleft, bifid 4

Tarsal claws simple, swollen at base. Body markedly elongate

Macronaemia Casey, p. 349

Pronotum shagreened, isodiametric meshes between punctures well devel-

oped (Fig. 79, 80) 5

Surface of pronotum shiny, polished, without isodiametric meshes between

punctures (Fig. 81) Ca/v/a Mulsant, p. 326

Femur extended beyond lateral margin of elytron. Tarsal claws cleft, bifid . 6

Femur not extended beyond lateral margin of elytron. Tarsal claws appen-

diculate, each with large subquadrate basal tooth 7

Elytra mostly orange-yellow, except in melanic specimens, maculate with

black spots or vittae (Fig. 55-57, 59-70). Frons with diamond, or crown-like,

interocular yellowish-white spot or band Hippodamia Dejean, p. 338

Pronotum mostly black, anterior angles with yellowish-white, trapezoidal

spots. Frons with two well separated yellowish-white, interocular spots, or

band Coccinella Linnaeus, p. 330
Pronotum variously maculate, not as above 8

Body large, prominently convex to subhemispherical (TL 6-1 2 mm) 9

Body medium size (TL 4-6 mm) 10

Each tarsal claw with large, basal subquadrate tooth. Elytra not vittate, if

maculate each elytron with black spots Anatis Mulsant, p. 322

Each tarsal claw cleft, bifid. Maculation of elytra vittate as in Eig. 39-41. . .

Myzia LeConte, p. 324

Elytra concolorous, orange-red, without black maculation

Cycloneda Crotch, p. 330

Pronotum mostly black, with two basal white spots (Eig. 43); or in melanic

specimens with elytra and pronotum mostly black, anterior angles of pro-

notum and elytral maculation orange-yellow Adalia Mulsant, p. 328

1

Tribe Psylloborini

Single genus only Psyllobora Dejean, p. 352

Genus Microweisea Cockerell

Microweisea Cockerell, 1903:38. Replacement name foi Smilia Weise, 1891:288. Not Mulsant, 1850:502. Type-species:

Smilia felschei Weise, 1891: 288.

Smilia Weise, 1891:288. Not Germar, 1838. Preoccupied. Type-species: Smilia felschei Vieise, 1891:288. {=Pentilia ovalis

LeConte, 1878:400). Designated by Weise, 1891:288; through monotypy.

Epismilia Cockerell, 1900:606. Replacement name for Smilia Weise, 1891. Not Fromental, 1861. Preoccupied.

Pseudoweisea Schwarz, 1904:118. Misquotation, unnecessary replacement name ioi Smilia Weise.

Comparison. — Small size, largest not longer than 1.5 mm, and obliquely impressed line on
front angles of pronotum (Fig. 1), distinguish members of this genus from other coccinellids

recorded from the study area.

Description. - Sticholotine adults of minute size (1.0 - 1.5 mm). Body ovoid, prominently convex to subhemispherical.

Color: dorsal surface brown to black; ventral surface and legs brown to black. Vestiture: dorsal surface with pubescence short,

sparse and indistinct. Sculpture: head finely punctate, frons shagreened; pronotum distinctly punctate, isodiametric meshes
well impressed in members of some species, and when viewed under microscope (5 Ox) microsculpture distinctly reticulate;
elytra distinctly punctate, punctures uneven. Head: labrum expanded laterally; antenna of 11 articles, relatively short; maxil-
lary palpus conical. Thorax: pronotum convex; margins with impressed line, obliquely at anterior angles (Fig. 1). Elytra:

margins and suture narrowly beaded. Abdomen: metacoxal arcs absent. Legs: tarsal formula 444, claws appendiculate.



Coccinellidae of Western Canada and Alaska 297

Distribution. ~ North America, genus with six species included.

Natural history. — Both larvae and adults are specialized as predators upon armored scales

(Diaspinae). In the Prairie Region, Sharma and Martel (1972) reported adults and larvae to feed

on pine needle scale Phenacaspis pinifoliae (Fitch).

Key to adults of the species of Microweisea from western Canada and Alaska

1 (0) Pronotal microsculpture reticulate; elytra distinctly punctate, punctures

large M. misella (LeConte), p. 297
1

' Pronotal microsculpture indistinct, surface polished. Elytra indistinctly

punctate, punctures fine M. marginata (LeConte), p. 297

Microweisea marginata (LeConte)

Pentilia marginata LeConte, 1878:400. Type locality: “Marquette, Lake Superior.” Type in MCZ, not studied.

Comparison. — Distinguished from M. misella by characters given in the above key.

Description. - Habitus and maculation as in Fig. 1. Body minute, ovoid in outline; prominently convex. Color: head

castaneous brown; antenna and mouthparts light brownish-yellow; ventral surface and legs brown-black, pronotum and elytra

castaneous brown. Sculpture: pronotal anterior angles with obliquely impressed line; dorsal surface shallowly punctate, shiny;

isodiametric meshes between punctures shallow, punctures of elytra evenly spaced, shallow, indistinct. TL 1.1 - 1.4 mm;

W 0.7 - 0.8 mm.

Distribution. - Widely ranging in North America. Recorded from: Alberta, British Columbia,

Idaho, Manitoba, Michigan, Montana, Ontario, Oregon, Saskatchewan, Quebec, and Washing-

ton.

Collecting and natural history notes. - Habitat: coniferous forest and parkland, on pines

infested with Phenacaspis pinifoliae (Fitch). Univoltine, overwinters as 3rd larval instar (Sharma

and Martel, 1972).

Number ofspecimens examined. — 10.

Microweisea misella (LeConte)

Pentilia misella LeConte, 1878:400. Type locahty: None specified. Type in MCZ, not studied.

Comparison. - Distinguished from M. marginata by characters given in the above key.

Description. - Habitus and maculation as in Fig. 1. Body minute, ovoid in outline; prominently convex. Color: head

brown-black; antennae and mouthparts brown; pronotum and elytra brown-black and shiny; ventral surface and legs brown-

black. Sculpture: head punctate, elytra distinctly; pronotal microsculpture reticulate; anterior angles of pronotum with

obliquely impressed line (Fig. 1). TL 1.0 - 1.4 mm; W 0.7 - 0.8 mm.
Variation. - Color: varied, from light brown to brown-black.

Distribution. — Widely ranging in North America, Fig. 88. Recorded from; Alabama, Alberta,

Arizona, British Columbia, California, Connecticut, Dakotas, Idaho, Illinois, Indiana, Iowa,

Kansas, Kentucky, Manitoba, Michigan, Minnesota, Missouri, Montana, Nebraska, New Mexico,

New York, North Carolina, Ohio, Ontario, Oregon, Pennsylvania, Saskatchewan, South Carolina,

Utah, Washington, and Wyoming.

Collecting and natural history notes. - Habitat: coniferous and mixed forest, parkland.

Number ofspecimens examined. — 36.

Genus Stethorus Weise

StethomsWQxse, 1885:65. Type-species: Coccinella minima Rossi, 1794:89. {= Stethorus punctillum Weise, 1891:781).

Subsequently designated by Korschefsky, 1931:111.

Derivation of name. — From Greek, “breast+margin” in reference to shape of prosternum.

Quaest. Ent., 1976 12(4)
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The North American species of this genus have been studied by Casey (1899) and Brown

(1950). Dobzhansky (1924) segregated this genus from Scymnini and erected tribe Stethorini.

Kapur (1948) monographed the Old World species, and Sasaji (1971) provided an account of

the Japanese species.

Comparison. — Anteriorly deflexed prosternum partially covering mouthparts readily sep-

arate adults of this genus from other Coccinellidae recorded from the study area.

Description. - Minute to small (1.0 - 1.8 mm) Stethorini. Body short to elongate oval, moderately to prominently convex.

Color: most specimens entirely brown-black to black; antennae and mouthparts yellow to brown; tibiae and tarsi of members

of some species yellow. Vestiture; dorsal surface pubescent; eyes with interfacetal hairs; ventral surface and legs setose. Sculpture:

pronotum and elytra indistinctly punctate; ventral surface more distinctly punctate, especially basisternum. Head: antennae

of 11 articles each, relatively short, clavate. Thorax: prosternum not carinate, anterior margin of basisternum markedly sinuate.

Elytra: margins narrowly beaded; epipleura not foveate. Legs: normal, tibia slender, anterior edge not modified; tarsal formula

3-3-3, claws appendiculate. Abdomen: metacoxal arcs complete, semicircular. Male genitalia (figured by Kapur, 1948): lateral

lobes very slender.

Distribution. — Northern Hemisphere. Genus with more than 10 species included, 3 species

recorded from North America.

Natural history. — Both larvae and adults feed as specialized predators on tetranychid mites

(Acarina). Kapur (1948) reviewed the literature on hosts of several Palaearctic Stethorus species.

Bionomics of S. punctillum in North America was described by Putman (1955a). Collyer (1953)

gave an account of bionomics of S. punctillum in England. Notes on natural history of S. picipes

Casey were given by Newcomer and Yothers (1929), and S. punctum by Robinson (1953). The

three North American Stethorus species overwinter as adults in leaf litter and cracks and cre-

vices of trees which were the hosts for the tetranychid mites.

Key to adults of the species of Stethorus from western Canada and Alaska

1 (0) Mouthparts, antennae, tibiae and tarsi yellow S. punctillum Weise, p. 298

1' Legs entirely brown to black S. picipes Casey, p. 298

Stethorus picipes Casey

Stethorus picipes Casey, 1899: 136. Type locality: “California.” Type in USNM.

Comparison. - Distinguished from other North American Stethorus species by combination

of characters: geographic range confined to western North America (Fig. 90); brown to black

legs.

Description. - Habitus and maculation as in Fig. 2. Body minute, oval in outline prominently convex. Color: mostly black,

except antennae and mouthparts yellow; femora, tibiae and tarsi brown to black. Sculpture: pronotum and elytra indistinctly

punctate; punctation of sterna more distinct. TL 1.0 - 1.3 mm; W 0.75 - 0.9 mm.
Variation. - Color: teneral specimens from yellow-brown to jet black in mature individuals. Color of legs varied, from yellow-

ish-brown to black.

Distribution. — Pacific coast of North America, Fig. 90. Recorded from: California, southern

British Columbia, Idaho, Oregon, and Washington

Collecting and natural history notes. — Recorded west of the Continental Divide, in interior

British Columbia, in orchards infested Panonychus ulmi (Koch), and Tetranychus telarius

Linnaeus, (Tetranychidae). Beating and beating tray is one of the best techniques to collect

these minute beetles.

Number of specimens examined. — 45.

Stethorus punctillum Weise

Stethorus punctillum Weise, 1891:781. Type locality: “Germany.” Type not studied.

Comparison. - Distinguished from other North American Stethorus species by characters

given in the above key. S. punctum and S. punctillum can be separated only on the basis of

male genital armature, described by Brown (1950).
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Description. - Habitus and maculation as in Fig. 2. Body minute, oval, prominently convex. Color: mostly black except,

antennae and mouthparts yellow; dorsal and ventral surface brown-black; proximal ends of femora, tibiae and tarsi yellow.

Immature stages described by Putman (1955b). XL 1.4 - 1.5 mm; W 1.0 mm.

Distribution. — Palaearctic Region, introduced to North America. Recorded from: eastern

coast (ca. 1900), western coast (ca. 1970); British Columbia, Washington, Idaho and Oregon.

Collecting and natural history notes. — Habitat: orchards, parkland. Most abundant west

of the Cascade Mountains. In most instances, found with members of S. picipes.

Number of specimens examined. - 18.

Genus Didion Casey

Didion Casey, 1899:134, 137. Type-species: Didion tongulum Casey, 1899:137. Subsequently designated by Korschefsky,

1931:111.

Derivation of name. — origin unkown.

Comparison. — Distinguished from other North American Scymnini by combination of

characters: body elongate oval (Fig. 3); pronotum with sides sub-parallel, narrower than elytra;

ultimate article of maxillary palpus conical, obliquely truncate.

Description. - Scymnini of medium size (1.5 - 2.0 mm); Body elongate oval, convex. Color: head black, pronotum brown-

black; elytra mostly black, maculate or not, if maculate each elytron with large, oval median spot; ventral surface and legs

brown to black. Head: antennae of 11 articles each, relatively short, clavate; maxillary palpus of 3 articles, ultimate article

conical, obliquely truncated; mandibles bifid at apex. Legs: normal, tarsal formula 4-4-4; claws appendiculate.

Distribution. — North America, with four species included.

Natural history. — Wingo ( 1952) reported D. punctaturn to feed on two-spotted spider mites

on cedar near Ames, Iowa.

Key to adults of the species of Didion from western Canada and Alaska

1 (0) Dorsal surface of elytra black, immaculate 2

F Elytra maculate, each elytron with reddish-orange discal spot

D. punctaturn (Melsheimer), p. 300

2 (1) Pronotum distinctly punctate, punctures well impressed

D. nanus (LeConte), p. 300
2' Pronotum indistinctly punctate, punctures shallow

D. longulum Casey, p. 299

Didion longulum Casey

Didion longidum Casey, 1899: 137. Type locality: “California (north of San Francisco).” Type in USNM.

Comparison. — Distinguished from D. nanus by indistinct punctation of pronotum; geogra-

phic distribution—range west of the Continental Divide (Fig. 89); details of male genital arma-

ture (compare with D. nanus, figured by Wingo, 1952).

Description. - Habitus and maculation as in Fig. 3. Body elongate oval, oblong. Color: head black; mouthparts and anten-

nae brown; pronotum black and shiny; anterior angles arid margin rufescent; elytra black, non-maculate; ventral surface brown-

black; tibiae and tarsi rufescent, brownish-yellow. Vestiture: normal for genus. Sculpture: average for genus, see above key.

TL 1.5- 1.8 mm; W 0.9- 1.1 mm.

Distribution. — Western North America, Fig. 89. Recorded from: Alberta, British Columbia,

California, Idaho, Oregon, Washington, and Yukon.

Collecting and natural history notes. — Habitat: trees, shrubs and other plants infested with

spider-mites.

Number of specimens examined. — 45.

Quaest. Ent., 1976 12(4)
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i.

I

Didion nanus (LeConte)
|

i"'

Scymnus nanus LeConte, 1852: 141. Type locality: “Missouri Territory.” Type in MCZ, not studied. II

Comparison. ~ Distinguished from other North American Didion species by combination 'j

of characters: immaculate elytra; distinct punctation of pronotum; details of male genital arma- i

ture (figured by Wingo, 1952).

Description. - Habitus and maculation generally as in Fig. 3. Oval, convex. Color: head dark brown to black, paler toward

clypeus; pronotum black with rufescent apical angles; elytra black, except apices paler. Sculpture: elytral microsculpture I

coarser than that on pronotum. Male genitalia (figured by Wingo, 1952): basal lobe considerably shorter than lateral lobes.
|

TL 1.2- 1.5 mm; W 1.0- 1.5 mm. !

Distribution. — Widely ranging in North America. Recorded from: Arizona, California, Illin-

ois, Florida, Iowa, Michigan, Nebraska, New Mexico, and Ohio. i

Collecting and natural history notes. - This species was not collected in the study area, but

its occurrence here is expected.

Number ofspecimens examined. — 2. 1;

Didion punctatum (Melsheimer)

Scymnus punctatus Melsheimer, 1847:180. Type locality: “Pennsylvania.” Type not studied. i

Comparison. - Distinguished from other North American Didion species by maculate elytra;

each elytron with red-orange discal spot.
1

Description. - Habitus and maculation as in Fig. 4. Elongate oval, oblong. Color: head, pronotum and elytra black; each
|

elytron with median red-orange spot; ventral surface mostly black, except femora and tibiae brown-black, and tarsi and mouth-

parts pale brown. Sclupture: punctation of elytra more distinct than that of pronotum. TL 1.5 - 1.8 mm; W 1.0 - 1.2 mm.

Variation. - The red spot on each elytron is quite varied in size and shape.

Distribution. — Widely ranging in North America. Recorded from: Alberta, Dakotas, Illinois,

Iowa, Kansas, Manitoba, Minnesota, Missouri, Ohio, Pennsylvania, Saskatchewan, Texas, and

Wisconsin.

Collecting and natural history notes. - The two specimens known from southern Alberta

were collected at Medicine Hat (Fig. 89).

Number ofspecimens examined. — 2.

Scymnus (sensu stricto) Kugelann^ •

Scymnus Kugelann, 1794:545, 546. Type-species: Scymnus nigrinus Kugelann, 1794:548. Subsequently designated by

Korschefsky, 1931:115.

Note on type species. — The designation of Coccinella frontalis Fabricius, 1787:60, by

Crotch (1874:239) is invalid. This species was not among the originally included species, and

therefore cannot serve as the type-species.

Derivation of name. — From Greek, meaning lions’ cub, in reference to resemblance of

these pubescent beetles to little lions.

Systematic studies. — The North American species of this genus have been studied by:

Horn (1895); Casey (1899); Wingo (1952). The genus was recently revised on the continental

basis by Gordon (1976). The Japanese species were monographed by Sasaji (1971). Mader

(1924) provided keys to European species.

Comparison. — Distinguished from other North American Scymninae by: antennae of 1

1

articles; distinct prosternal carinae; and metacoxal arcs incomplete, subparallel with sternal

margin.

Description. - Body small to medium in size, short oval to elongate, moderately convex. Color: predominantly black,

brown to rufo-flavate. Pronotum, elytra, and legs in members of some species orange-yellow to reddish-orange. Vestiture:

both dorsal and ventral surface, including legs generally profusely pubescent. Sculpture: frons indistinctly to prominently

1 . Gordon’s revision (1976) appeared after the present incomplete treatment of Scymnini was in press. Accordingly, it was

not possible to»make changes in the latter. Those wishing to identify scymnine adults are advised to consult Gordon s paper. —Ed.
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punctate, pronotum generally distinctly punctate; elytra prominently punctate, punetures in members of some species very

prominent. Head: transverse with rounded corners; eyes normal, not prominently emarginate by post antennal processes;

antennae of 11 articles each. Ultimate article of maxillary palpus longer than wide. Thorax: prosternum T-shaped, with or

without distinct carinae. Legs: normal, moderately stout and short; tarsal formula 4-4-4, article 3 greatly reduced, claws

appendiculate.

Variation. — Color: head in members of some species yellow in males, light brownish-yellow in females but this is not

constant (Horn, 1895). Elytra vary in outline from species to species, dorsal surface covered densely to sparsely with punc-

tures and pubescence. In species with maculate elytra extent of maculation varied. The shape of tarsal claws varies between

species and in some species between sexes.

Distribution. — World wide group, with more than 200 species included of which 82 are

recorded from North America (Gordon, 1976).

Natural history. — Members of this group are predaceous on scale insects and mites, both

as larvae and adults.

Species not studied. — The following species, specimens of which I did not see, were repor-

ted from southern British Columbia by Gordon (1976): Scymnus (S.) fenderi Malkin.

Key to adults of some species of Scymnus (Scymnus) from western Canada and Alaska

1 (0) Pronotum and elytra mostly black 2

1' Pronotum and elytra rufoflavate S. phelpsi Crotch, p. 302

2 (1) Elytra entirely black or only apices narrowly rufescent 3

2' Elytra with apical 0.25-0.33 orange-brown S. opaculus Horn, p. 302

3 (2) Body short oval, apex not distinctly orange-brown. Sterna brown-black

S. caurinus Horn, p. 303

3' Body elongate oval, apex of elytra narrowly orange-brown. Sterna orange-brown

4

4 (3) Basal lobe of male genitalia longer than lateral lobes, parallel sided for basal

0.66, constricted to blunt point. Lateral lobes triangular, broader at base. Sipho

with fish hook-like projection at apex S. paracanus Chapin, p. 302
4' Basal lobe longer than lateral lobes, broad basally, gradually rounded at apex.

Lateral lobes elongate oval, slightly broader at base. Sipho with fish hook-like

projection at apex S. apicanus Chapin, p. 301

Scymnus (Scymnus) apicanus Chapin

Scymnus (Scymnus) apicanus Chapin, 1973:1071. Type locality: “Ascension Parish, Louisiana.” Type in USNM.

Scymnus (Scymnus) apicanus borealis Gordon, 1976: 38.

Comparison. — Distinguished from other North American Scymnus species by: general

habitus and maculation; details of male genital armature (sipho with fish-hook like projection

at apex); range extensive, but only east of the Rocky Mountains (Fig. 92).

Description. - Habitus and maculation as in Fig. 5. Color: head, mouthparts, and antennae reddish yellow; pronotum red-

dish orange with median arcuate black spot at base, extended anteriorly 0.80 of length; elytra mostly black, narrowly reddish-

yellow apically; ventral surface mostly black, except posternum black at middle, reddish yellow laterally; meso- and metasternum

black; abdomen with first 3 sterna black medially, pale laterally, remainder reddish yellow; legs reddish yellow. Male genitalia

(figured by Chapin, 1973): basal lobe little longer than lateral lobes, broad at base, gradually rounded to a point at apex; each

lateral lobe fringed with setae except at basal half of dorsal edge. Sipho with fish-hook like projection at apex. TL 2.1 - 2.6 mm;
W 1.6- 1.9 mm,

Variation. - There is some variation in size of pronotal spot, width of yellow band at apical edge of elytra, and extent

of black on abdominal sterna.

Distribution. — Widely ranging in North America, Fig. 92. Recorded from: Alberta, Iowa,

Manitoba, Minnesota, Saskatchewan, and Wisconsin.

Collecting and natural history notes. — Habitat: grassland and parkland of southeastern

Alberta.

Number ofspecimens examined. — 6.
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Scymnus (Scymnus) pamcanus Chapin

Scymnus (Scymnus) paracanus Chapin, 1973:1071. Type locality: “Shangaloo, Louisiana.” Type in USNM.
Scymnus (Scymnus) paracanus linearis Gordon, 1976: 44.

Comparison. — Distinguished from other North American Scymnus species by: general habi-

tus and maculation (Fig. 5), see the above key; shape of lateral and basal lobes of male genital

armature (figured by Gordon, 1976); size (TL 2.4-2. 8 mm).

Description. - Habitus and maculation as in Fig. 5. Color: head, mouthparts, and antennae reddish yellow; pronotum

reddish yellow with median arcuate black spot at base extended anteriorly 0.75 of length; elytra black, apical edges broadly

reddish yellow; prostemum reddish yellow, darker between coxae; mesosternum and metasternum black, abdominal sterna

reddish brown; legs reddish yellow. Male genitalia (figured by Chapin, 1973): basal lobe longer than lateral lobes, parallel

sided for basal 0.66 narrowed to blunt point; each lateral lobe triangular, broader at base, figured with setae, except basal

half of dorsal edge; sipho with fish-hook like projection at apex. TL 2.4 - 2.8 mm; W 1.7 - 1.9 mm.
Variation. - Color: width of yellow band at apex of elytra various.

Distribution. — Wide ranging in interior North America, Fig. 93. Recorded from: Alberta,

Louisiana, southern Manitoba, Missouri, and southern Saskatchewan.

Collecting and natural history notes. — Habitat: grassland and parkland, within the study

area apparently restricted to southeastern Alberta.

Number ofspecimens examined. — 16.

Scymnus (Scymnus) opaculus Horn

Scymnus opaculus Horn, 1895:96. Type locality: “Colorado.” Type not studied.

Comparison. — Similar to Scymnus (Pullus) postpictus Casey but larger and distinguished

by complete metacoxal arcs.

Description. - Habitus and maculation as in Fig. 6. Body elongate oval, convex. Color: head black: anterior margin

orange-yellow; mouthparts and antennae orange-yellow; pronotum mostly black, except anterior angles orange-yeUow; elytra

mostly black, maculate at apical 0.33 to 0.50 with orange-yellow spots; ventral surface black, except sterna V-VI orange-

yellow, legs orange-yellow. TL 1.8 - 2.3 mm; W 1.5 mm.

Distribution. - Widely ranging in North America, Fig. 94. Recorded from: southern Alberta,

southern British Columbia, Colorado, Idaho, Illinois, Indiana, Michigan, Minnesota, Montana,

North Dakota, Ohio, Saskatchewan, Wisconsin, and Wyoming.

Collecting and natural history notes. - Habitat: parkland, savannas, grassland, and prairie

of southern British Columbia and Alberta.

Number ofspecimens examined. — 25.

Scymnus (Scymnus) phelpsi Crotch

Scymnus phelpsii Crotch, 1874a: 77. Type locality: None specified, “Victoria and New Westminster.” Type not studied.

Comparison. — Distinguished from other North American species in this genus by: general

habitus and maculation (Fig. 7); size (TL 1.7-2. 7 mm); distribution—range in western North

America (Fig. 91); details of male genital armature (figured by Gordon, 1976).

Description. - Habitus as in Fig. 7. Body short oval, moderately convex. Color: head, pronotum and elytra rufotestac-

eous; ventral surface, rpeso- and metasterna and basal abdominal sterna black, except legs rufotestaceous. Vestiture: normal

for genus. Sculpture: normal for genus, head and pronotum sparsely punctate, punctures of elytra larger. TL 1.7-2. 7 mm;

W 1.0-1. 7 mm.

Distribution. — Western North America, Fig. 91. Recorded from: southern British Columbia,

California, Nevada, western Washington, Oregon and southwestern Idaho.

Collecting and natural history notes. — Habitat: parkland, chaparral, in costal British Colum-

bia.

Number ofspecimens examined. — 28.
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Scymnus (Scymnus) caurinus Horn

Scymnus caurinus Horn, 1895:97. Type locality: none specified. Type not studied.

Comparison. — Distinguished from other North American species by: general habitus and

maculation, size (TL 2. 0-2. 6 mm); geographic distribution -range in western North America.

Description. — Habitus and maculation generally similar to S. lacustris (Fig. 7). Body broadly oval, convex, outline con-

tinuous. Color: entirely piceous, except in some specimens. Irons and lateral margins of pronotum orange-yellow. Legs red-

dish-yeUow. Vestiture: normal for genus. Sculpture: head sparsely punctate, pronotum finely but sparsely punctate; elytra

distinctly but not closely punctate; sterna densely punctate. TL 2.0 - 2.6 mm; W 1.4 mm.

Distribution. — Western North America. Recorded from: southern British Columbia, Cali-

fornia, Idaho, Oregon, Utah and Washington.

Collecting and natural history notes. — Habitat: chaparral communities in southern British

Columbia.

Number ofspecimens examined. — 1 2.

Scymnus (Pullus) Mulsant

Pullus Mulsant, 1846:241. Type-species: Coccinella subvillosa Goeze, 1777:247. Subsequently designated by Korschefsky,

1931:116.

Derivation of name. - From Greek, Pullus = “a young bird in the downy stage”, presumably

in reference to small size, and pubescent body.

Comparison. — Distinguished from Scymnus (sensu stricto) by: complete metacoxal arcs, ex-

tended to basal margin of sternum IV. Sasaji (1971) pointed out that separation of Pullus and

Scymnus is arbitrary, based on extent of variation in metacoxal arcs. Tentatively, I follow seg-

regation of Pullus from Scymnus (sensu stricto) until results from further study of this group pro-

vide evidence to the contrary.

Systematic studies. — The North American species of this group have been studied by:

Horn ( 1 895); Casey ( 1 899); Wingo (1952); and revised on a continental basis by Gordon ( 1 976).

The Japanese species were monographed by Sasaji (1971).

Species not studied. - I did not see specimens of the following species, which Gordon (1976)

reported from southern British Columbia: S. (P.) liumboldti Casey, S. (P.) iowensis Casey, S.

(P.) erythronotum Gordon, S. (P.) aridus Casey, and S. (P.) impletus Gordon.

Key to adults of some species of Scymnus (Pullus) from western Canada and Alaska

1 (0) Elytra mostly black, if pigmented only apices yellow-orange 2

U Elytra mostly orange-brown, lateral margins, base, and suture brown. Pronotum

mostly brown, except anterior angles orange-brown

S. (P.) coniferarum Crotch, y. 305

2 (1) Elytra almost entirely black, except apices narrowly margined yellow-orange, or

rufescent 3

2' Elytra mostly black, except apical 0.33 maculate with large, yellow-orange oval

spots. Pronotum mostly yellow-orange, maculate with semicircular basal black

spot S. (P.) postpictus Casey, p. 304

3 (2) Pronotum mostly yellow-orange, maculate with basal black spot, or black with

anterior angles orange-brown 4

3' Head, pronotum and legs uniformly yellow-orange

S. (P.) carri Gordon, p. 304

4 (3) Legs bicolored; femora brown-black, except distal end; tibiae and tarsi yellow-

orange 5

4' Legs brown-black. Pronotum mostly yellow-orange, maculate with basal black

spot. Males with setigerous tubercle on sternum III

S. (P.) marginicollis Mann, p. 304
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5 (4) Sternum III of male with polished median spot, surrounded by dense setation.

Sternum VI with pronounced depression in middle

S. (P.) lacustris LQContQ,
x>-

305

Scymnus (Pullus) postpictus Casey

Scymnus postpictus Casey, 1899:141. Type locality: “Wyoming.” Type in USNM.

Comparison. — Distinguished from other North American species by: general habitus and

maculation (pronotum with wide, yellowish-orange, lateral margins, elytra black, except apical

0.33 maculate with large, oval yellowish-orange spots); size (TL 1.8-2. 3 mm); geographic dis-

tribution-range in western North America (Fig. 95).

Description. - Habitus and maculation as in Fig. 6. Body elongate oval, convex. Color: head orange-yellow to brown,

mouthparts and antennae yellow; pronotum orange-yellow with black median spot at base; elytra mostly black, except apical

0.33 with large, oval orange-yellow spot; ventral surface black, except legs orange-yellow. TL 1.8 - 2.3 mm; W 1.5 mm.
Variation. - Size of elytral maculation various.

Distribution. - Western North America, Fig. 95. Recorded from: Alberta, British Columbia,

Idaho, Montana, Oregon, Saskatchewan, and Wyoming.

Collecting and natural history notes. — Habitat: grasslands and parkland.

Number ofspecimens examined. — 19.

Scymnus (Pullus) marginicollis Mannerheim

Scymnus marginicollis Mannerheim, 1843:313. Type locality: “California.” Type not studied.

Scymnus (Pullus) marginicollis borealis Hatch, 1962: 150. Type locality: “Walla Walla, Washington.” Type not studied.

Comparison. — Similar to S. ardelio Horn, and S. lacustris LeConte, from which males are

distinguished by small setigerous tubercle on sternum III.

Description. - Habitus and maculation as in Fig. 11. Body broadly oval, moderately convex. Color: head orange-yellow

to black; mouthparts and antennae rufescent; pronotum mostly orange-yeUow; elytra black; ventral surface brownish black,

except legs dark brown to black, tarsi and tibio-femoral articles rufescent. TL 1.5 - 2.0 mm.
Variation. - Extent of pale coloration of head and pronotum varied: head orange-yellow to black, sexually dimorphic;

males with head predominantly orange-yellow; pronotum entirely black to entirely orange-yellow; median dark area reduced

in some specimens to narrow strip or basal spot.

Distribution. - Western North America, Fig. 100. Recorded from: southern Alberta, south-

ern British Columbia, California, Idaho, Montana, Oregon, and Washington.

Collecting and natural history notes. — Collected beating Pinus ponderosa in coastal British

Columbia.

Number ofspecimens examined. — 8.

Scymnus (Pullus) carri Gordon

Scymnus (Pullus) carri Gordon, 1976: 199. Type locahty: “Medicine Hat, Alberta.” Type in USNM.

Comparison. - Distinguished from other North American scymnines recorded from the

study area by: entirely orange-yellow head and pronotum, immaculate black elytra; size (TL

2.3 mm); restricted distribution range (recorded from Alberta and Saskatchewan only).

Description. - Habitus and maculation similar to Fig. 11. Body elongate oval, oblong. Color: head orange-yellow; mouth-

parts and antennae orange-yellow; pronotum entirely orange-yeUow, elytra mostly black, except apices narrowly rufous;

ventral surface (sterna) orange-yeUow to dark brown; legs orange-yellow. TL 2.3 mm; W 1.8 mm.

Distribution. — Southern Alberta and Saskatchewan, Fig. 96.

Collecting and natural history notes. - Habitat: grasslands of southern Alberta and Saskat-

chewan.

Number ofspecimens examined. — 10.
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Scymnus (Pullus) aquilonarius Gordon

Scymnus (Pullus) aquilonarius Gordon, 1976:240. Type locality: Diamond City, Alberta. Type in CNC.

For description, comparison and other details, see Gordon (1976). Described from single

specimen, not studied by me.

Distribution. — Recorded from; southern Alberta only (Fig. 96).

Collecting and natural history notes. - Habitat: grasslands of southern Alberta.

Number ofspecimens examined. — none.

Scymnus (Pullus) lacustris LeConte

Scymnus lacustris LeConte, 1850:239. Type locality: “Lake Superior.”

Scymnus tahoensis Casey, 1899:150. Type locality: “Lake Tahoe, California.” Type in USNM. Synonymized by Gordon

(1976: in press).

Comparison. — Distinguished from members of other North American Pullus species by:

entirely black pronotum, bicolored legs and distinctly punctate pronotum and elytra.

Description. - Habitus and maculation as in Fig. 7. Body oval, oblong, pubescent. Color: head black; frons orange-yellow

to brown-black; mouthparts and antennae orange-yeUow; pronotum and elytra mostly black, except apical margins narrowly

bordered orange-brown; ventral surface black, femora brown-black, distally orange-yeUow; tibiae and tarsi orange-yellow.

TL 1.9- 2.6 mm;W 1.5 - 1.7 mm.

Variation. - Extent of orange-yellow portion of frons varied, from very narrow anterior band to wide interocular band.

Distribution. - Widely ranging in North America, Fig. 99. Recorded from: Alberta, British

Columbia, California, Dakotas, Idaho, Indiana, Manitoba, Michigan, Minnesota, Montana, On-

tario, Oregon, Saskatchewan, Utah, Washington, and Yukon.

Collecting and natural history notes. — Habitat; grassland, xeric savannas, parkland.

Number ofspecimens examined. — 65.

Scymnus (Pullus) coniferarum Crotch

Scymnus coniferarum Crotch, 1874a: 77. Type locality: None specified, “Calaveras, Taho, San Bernardino.” Type not

studied.

Comparison. — Distinguished from members of other North American Pullus species by:

size (TL 1.5- 1.9 mm); habitus and maculation (Fig. 23); and distribution range in western

North America (Fig. 98).

Description. - Habitus and maculation similar to Fig. 10. Body elongate oval, convex. Color: pronotum black, front

angles reddish; elytra rufotestaceous, suture narrowly black except extreme apex; elytral triangular maculation black, ex-

tended along basal margin and posteriorly along lateral margin; ventral surface and legs black. Abdomen: metacoxal lines

semicircular. Size: TL 1.5 - 1.9 mm; W 0.8 - 1.1 mm.
Variation. — Color: extent of dark, pigmented area of elytra varied.

Distribution. - Western North America, Fig. 98. Recorded from; southern British Columbia,

California, Idaho, Oregon and Washington.

Collecting and natural history notes. — Habitat: On pine trees infested with scale insects.

Number ofspecimens examined. — 12.

Scymnus (Pullus) ardelio Horn

Scymnus ardelio Horn, 1895:105. Type locality: None specified. Type not studied.

Comparison. — Distinguished from members of other North American Pullus species recor-

ded from the study area by; dorsal surface of pronotum and elytra mostly black, except anter-

ior angles of pronotum, and apices of elytra, narrowly bordered rufo-flavate. Ventral surface

mostly black. Front legs and tibiae and tarsi of middle and hind legs orange-yellow.
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Description. — Habitus and maculation as in Fig. 11. Body short oval, markedly convex. Color; head orange-yellow;

mouthparts and antennae orange-yellow; pronotum black, except anterior angles and lateral margins orange-yellow; elytra

mostly black, except apices narrowly bordered orange-yellow; ventral surface black. Legs orange-yellow, except hind femora

brown-black. XL 1.8 - 2.5 mm; W 1.2 mm.

Distribution. — Western North America, Fig. 97. Recorded from: southern Alberta, south-

ern British Columbia, California, Idaho, Montana, Oregon, Utah, and Washington.

Collecting and natural history notes. — Habitat: grassland; collected from Artemisia plants

in southern Alberta.

Number of specimens examined. — 17.

Scymnus (Pullus) Calaveras Casey

Scymnus Calaveras Casey, 1899: 150. Type locality: “Mokelumne Hill, Calaveras Co., California.” Type in USNM.

Comparison. — Distinguished from members of other North American Pullus species by:

general habitus and maculation range (Fig. 7); size (TL 2. 1-2.2 mm); distribution in western

North America (Fig. 101).

Description. - Habitus and maculation as in Fig. 7. Body oval, markedly convex. Color: head black; frons narrowly orange

anteriorly; mouthparts and antennae light brownish-yellow; pronotum and elytra black; ventral surface black; distal ends of

femora and tibiae and tarsi orange-brown. Vestiture: normal for the genus, pubescence rufous. Sculpture: normal for genus,

elytra distinctly punctate. TL 2. 1 - 2.2 mm; W 1.6 mm.

Distribution. — Western North America, Fig. 101. Recorded from: coastal California, south-

ern British Columbia, Oregon, and Washington.

Collecting and natural history notes. — Habitat: coastal chaparral communities.

Number ofspecimens examined. —
1 8.

Nephus (sensu latiore) Mulsant ^ •

Nephus Mulsant, 1846:237. Type-species; Coccinella quadrimaculata Herbst, 1783:30. (=C. quadrilunata Illiger, 1798:

416). Subsequently designated by Korschefsky, 1931:116.

Derivation of name. — From Greek, nephos = cloud (dark colored); in reference to body

color.

The North American species of this genus have been studied by Horn ( 1 895), Casey ( 1 899),

Crotch (1873), and the group was recently revised on the continental basis by Gordon (1976).

Sasaji (1971) provided an account of the Japanese species.

Comparison. — Tarsal formual 3-3-3, and ankylosed scape and pedicel of antennae readily

distinguish members of this genus from other scymnines.

Description. - Body oval, moderately convex. Head: antennae each of 10 articles, scape and pedicel fused. Legs: tibial

spurs absent; tarsal formula 3-3-3, claws each with acute basal tooth. Male genital armature (figured by Sasaji, 1971): basal

lobe symmetrical.

Distribution. - Northern Hemisphere, transcontinental in North America. Genus with more

than 100 species included.

Key to adults of the species of Nephus from western Canada and Alaska

1 ( 0 ) Elytron maculate with single ferrugineous to reddish-orange spot 2

1
' Elytron with two spots 3

2 ( 1 ) Dorsal surface mostly piceous to ferrugineous, each elytron with relatively

large oval, yellow-orange spot, extended from humeral angle almost to mar-

gin and suture, but not to apex. Base of elytra and suture brown-black. Legs

orange-yellow to light brown N. sordidus (Horn), p. 307

2' Dorsal surface mostly black, except elytron with small, reddish-orange spot

in apical third. Ventral surface piceous, except legs rufotestaceous

N. georgei (Weise), p. 307

1 .See footnote, p, 300.
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3 (1') Elytron with two obliquely oval, relatively large, not well defined, orange-

yellow spots. Spots in some specimens contiguous

N. ornatus (LeConte), p. 307

Nephus ornatus LeConte

Scymnus ornatus LeConte, 1850:239. Type locality: “Lake Superior.” Type in MCZ, not studied.

Scymnus naviculatus Casey, 1899:155. Type locality: “Colorado.” Type in USNM. Synonymized by Gordon (1976:

288).

Comparison. - Distinguished from members of other North American species by:

general habitus and maculation (Fig. 22); size (XL 1 .6-2.0 mm); details of male genital arma-

ture (figured by Gordon, 1976).

Description. - Habitus and maculation as in Fig. 22. Body oval, convex. Color: head black; mouthparts and antennae

light brownish-yellow; pronotum and elytra black; each elytron with two, obliquely oval, orange-yellow spots; ventral sur-

face black; femora brown, other articles of legs rufo-castaneous. TL 1.6 - 2.0 mm; W 0.8 - 1.2 mm.

Distribution. — Widely distributed in North America, Fig. 105. Recorded from: southern

Alberta, southern British Columbia, Colorado, Illinois, Indiana, Iowa, Manitoba, Massachusetts,

Minnesota, North Dakota, Ontario, Quebec, Saskatchewan, and Wisconsin.

Collecting and natural history notes. - Habitat: prairie, grassland, cultivated fields, and park-

land.

Number ofspecimens examined. — 6.

Nephus georgei (Weise)

Scymnus bisignatus Horn, 1895:92. Type locality: “Siskiyou County, California.” Type not studied.

Scymnus georgei ^ 1929:33. New name.

Comparison. — Distinguished from adults of other North American Nephus species by de-

tails of male genital armature (see Gordon, 1 976).

Description. - Habitus and maculation as in Fig. 8. Body oval, moderately convex. Color: mostly black, each elytron

maculate with transversely oval red spot; ventral surface black; tibiae and tarsi rufotestaceous, femora light brownish-yellow.

Sculpture: head indistinctly punctate; pronotum finely punctate; elytra coarsely but not closely punctate. Abdomen: meta-

coxal lines distant from sternal margin, not parallel with it, but slightly arcuate anteriorly. TL 1.5 - 1.7 mm; W 0.8 mm.

Distribution. — Western North America, Fig. 102. Recorded from: Alaska, Alberta, British

Columbia, California, Oregon, Northwest Territories, and Yukon.

Collecting and natural history notes. ~ Habitat: parkland, boreal forest.

Number ofspecimens examined. ~
1 2.

Nephus sordidus (Horn)

Scymnus sordidus Horn, 1895:93. Type locality: “Los Angeles, California.” Type not studied.

Comparison. - Distinguished from adults of other species of Nephus by: general habitus

and maculation (Fig. 9); male genitalia (see Gordon, 1976); and geographic range in western

North America (Fig. 106).

Description. - Habitus and maculation similar as in Fig. 10. Elongate oval, convex. Color: light brownish-yellow; each

elytron with large paler spot covering most of it. Sculpture: head and pronotum scarcely punctate, elytra more closely

punctate. TL 1.5 - 2.0 mm; W 0.9 - 1.1 mm.
Variation. - Color: from ferrugineous to light brownish-yellow.

Distribution. — Western North America, Fig. 106. Recorded from: southern Alberta, Illin-

ois, Indiana, southern Manitoba, Michigan, Minnesota, North Dakota, Ontario, South Dakota,

and southern Saskatchewan.

Collecting and natural history notes. - Habitat: grasslands of southern Alberta and Saskat-

chewan.

Number ofspecimens examined. — 3.
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Genus HyperaspidiUs Crotch

Hypemspidius Crotch, 1873:382. Type-species: Chrysomela trimaculata Linnaeus, 1767:592. Designated by Crotch, 1873:

382; original designation.

Derivation of name. — Origin unknown, presumably named in reference to resemblance to

Hyperaspis.

Comparison. — Distinguished from adults of other North American Hyperaspini by combin-

ation of characters; anterior margin of submentum straight; epipleura not foveate for reception

of hind femora; front tibiae not spinose; tarsal claws simple (Fig. 1 82).

Description. - Habitus and maculation as in Fig. 16. Hyperaspini of small to medium size (1.0 - 4.0 mm). Body elongate

oval, oblong. Color: from pale yellow, flavate to brown-black; maculate specimens with brown-black longitudinal vittae on

pale yellow background of elytra; melanic specimens with pronotum and anterior angles of elytra yellow-orange, specimens

of some species brown-black entirely. Vestiture: dorsal surface glabrous, ventral surface and legs setose. Sculpture: head fine-

ly punctate; pronotum shagreened; elytra shiny, punctures larger, unequal. Head: eyes narrowly emarginate, in adults of

some species with greenish-blue lustre; antennae each of 11 articles, relatively short; mandibles bifid at apex; maxillary palpus

of 3 articles, ultimate article trapezoidal. Pronotum and elytra compact; anterior margin of pronotum recessed above eyes,

posterior margin narrowly beaded. Elytra: margins narrowly reflexed; suture narrowly beaded; apical angle nearly rectangu-

lar. Legs: front tibiae not modified or spinose; tarsal formula 4-4-4, claws simple (Fig. 182). Abdomen: metacoxal arcs com-

plete or incomplete, semicircular (Fig. 179, 180).

Distribution. — North and Middle American genus with highest diversity in southwestern

United States.

Natural history. — Very little is known about life histories for members of this genus. The

following note was copied from label data: “On cottony cochineal scale of cactus; Phoenix,

Arizona.”

Key to adults of the species of Hyperaspidius from western Canada and Alaska

1 (0) Elytra yellow with three, longitudinal, black vittae

1' Elytra brown-black H. arcuatus (LeConte), p

2 (1) Body length ca. 4.0 mm H. Hercules, n. sp., p
2' Body length ca. 2.0 mm H. vittigerus (LeConte), p

Hyperaspidius Hercules, new species

Hyperaspidius Hercules, new species. Type locality: Medicine Hat, Alberta. Holotype: male,

labelled - Holotype (red border, circular label). Medicine Hat, 03.VII.1932. F.S. Carr collector.

Deposited in CNC. Paratypes: two males, three females; labelled - Paratype (yellow border,

circular label). Deposited in UASM.
Derivation of specific epithet: named in reference to size, largest member of genus.

Comparison. — Distinguished from other North American members of this genus by: large

size (TL 3. 8-4.0 mm), maculation of pronotum and elytra (Fig. 12), and restricted geographic

range in northern, western North America (Fig. 104).

Description. - Habitus and maculation as in Fig. 10. Body elongate oval, oblong. Color: head brown-black, anterior max-

gin of frons orange-brown; eyes finely faceted, with bluish lustre; mouthparts and antennae yellow-brown; pronotum mostly

black, except lateral margin widely, and anterior narrowly bordered yellow; scutellum black; elytra yellow, each elytron with

longitudinal discal vitta, dark brown to black in color; extended from humeral callus posteriorly, joined to sutural vitta before

apex, and at apex joined to lateral emargination; ventral surface and legs rufous to light brown. Abdomen: metacoxal arcs com-

plete. Male genital armature (Fig. 170B, 170C, 170D): median lobe slender arcuate tube, siphonal capsule present; basal lobe

asymmetrical, shorter than lateral lobes. Female genital armature (Fig. 170A): spermatheca retort-shaped. TL 4.0 mm; W 3.5 mm.

Variation. - Color: head dark brown in females, yellow in males.

Note on relationship. — This species is most closely related to H. insignis, based on size, and

the shape of basal lobe of male genital armature (Fig. 1 70D).

Distribution. — Western North America, Fig. 104. Recorded from: southern Alberta and

Montana.
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Collecting and natural history notes. — Habitat not known. In the study area restricted to

southeastern Alberta. Type material was collected during June and July.

Number ofspecimens examined. — 6.

Hyperaspidius vittigerus (LeConte)

Hyperaspis vittigera LeConte, 1852:133. Type locality: “Missouri.” Type in MCZ, not studied.

Hyperaspidius trimaculatus: Crotch, 1873:873. Not Linnaeus, 1762. Misidentification.

Hyperaspidius oblongus Casey, 1908:421. Type locality: “El Paso, Texas.” Type in USNM. Synonymized by Wingo,

1952:26.

Hyperaspis wolcotti Nunenmacher, 1911:74. Type locality: “Buffington, Indiana.” Type in CAS. Synonymized by

Wingo, 1952:26.

Comparison. — Distinguished from other North American members of this genus by medium

size (TL 1.9-2. 2 mm),maculation (Fig. 12), and transcontinental range (Fig. 107) in North

America.

Description. — Habitus and maculation as in Fig. 12. Body elongate oval, oblong. Color: head dark brown, mouthparts

and antennae light brownish-yellow; pronotum brown, lateral margins yellow; elytra yellow, each with longitudinal, brown-

black vitta, connected to sutural vitta before apex; sutural vitta expanded at middle, apex narrowly emarginated brown-black.

Sculpture: dorsal surface punctate, ventral surface and legs light brown, punctation distinct, without isodiametric meshes

between punctures. TL 1.9 - 2.2 mm; W 1.2 - 1.4 mm.
Variation. — Color: head black in females, yellow in males.

Distribution. ~ Widely ranging in North America, Fig. 107. Recorded from: Alberta, British

Columbia, California, Colorado, Idaho, Illinois, Indiana, Iowa, Kansas, Louisiana, Manitoba,

Montana, Minnesota, New Brunswick, New Jersey, New York, North Dakota, Nova Scotia,

Ontario, Oregon, Ohio, Quebec, Saskatchewan, Texas, Utah, Virginia, Washington, Wyoming,

and Yukon.

Collecting and natural history notes. — Habitat: grasslands of southern Alberta, also park-

land and savannas. Most abundant in the southern portion of the study area.

Number ofspecimens examined. — 65.

Hyperaspidius arcuatus (LeConte)

Hyperaspis arcuata LeConte, 1852: 133. Type locality: “Gila River, California.” Type in MCZ, not studied.

Comparison. — Similar to H. immaculatus Hatch, specimens of which are on average larger,

and differ in suffused maculation.

Description. - Habitus and maculation as in Fig. 16. Body elongate oval, oblong. Color: head yellow, vertex black; eyes

with bluish-green lustre; mouthparts and antennae light brownish-yellow; pronotum and elytra dark brown; each elytron mac-

ulate with relatively small, yellow-orange lunate spot at humeral angles; margin and suture pigmented darker; ventral surface

and legs light brownish-to dark brown; legs paler than sterna. Abdomen: metacoxal arcs complete. TL 1.8 - 2.0 mm; W 0.9 -

1.0 mm.

Variation. ~ Color: head black-brown in females, yellow marks on pronotum and elytra indistinct.

Distribution. — Pacific coast of North America, Fig. 103. Recorded from: British Columbia,

California, Oregon, and Washington.

Collecting and natural history notes. — Habitat unknown.

Number ofspecimens examined. — 5.

Genus Hyperaspis Dejean

Hyperaspis Dejean, 1836:459. Type-species: Coccinella reppensis Herbst, 1783:48. Subsequently designated by Crotch,

1874:213.

Oxynychus LeConte, 1850:694. Synonymized by Mulsant, 1850:238. Type-species: Oxynychus moerens LeCoiite,

1850:238. Fixed by monotypy. The subsequent designation of Coccinella erythrocephala Fabricius, 1787:61; by Korschefsky

(1931:200), is invalid.
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Note on synonymy. — Dobzhansky (1941 :78) treated Oxynychus as congeneric with

Hyperaspis, and pointed out that simple tarsal claws have developed independently in several,

not closely related sections of Hyperaspis, hence Oxynychus does not represent a natural

group. Gunther (1959) stated that the representatives of the above mentioned genera can not

be segregated on the basis of structure of male genital armature, or any other structural charac-

ter other than simple tarsal claws, and treated Oxynychus as a subgenus of Hyperaspis. Miya-

take (1961) reached the same conclusion and followed Gunther’s example.

Derivation of name. — From Greek, hyper + aspis, = excess + shield, in reference to shape

of pronotum. First used by Dejean (1836), who credited its origin to Chevrolat.

Comparison. - Distinguished from other North American Hyperaspini by asymmetrical

basal lobe of male genital armature (Fig. 171 A, 171B, 171C), aspinose anterior edge of front

femora, foveate epipleura for reception of front and hind femora (Fig. 173, 174).

Description. - Small to medium sized (1.0 - 5.0 mm) Hyperaspini. Body oval to rounded oval in outline, convex to

subhemispherical. Color: mostly black, maculate with yeUow to orange spots and vittae; color of head and pronotum sex-

ually dimorphic, lighter in males, brown-black in females, elytral maculation (Fig. 13 - 30), basically, each elytron maculate

with 5 yellow to orange spots, in adults of some species fused into vittae, or missing. Vestiture: dorsal surface glabrous, un-

derside and legs setose. Microsculpture (Fig. 84, 87, 187, 188): both ventral and dorsal surfaces punctate; generally, punc-

tation of head finer than on pronotum and on pronotum finer than on elytra; ventral punctation distinct, especially on meso-

and metasternum, sterna (Fig. 188). Head: relatively small, eyes finely faceted, in adults of many species with bluish-green

lustre; antennae (Fig. 175, 177, 178), relatively short, of 11 articles; mandibles bifid at apex, bicuspidate at base; maxillary

palpus securiform; anterior margin of submentum cordiform; labial palpus relatively short, (Fig. 191) of 2 articles. Elytra:

epipleura narrow, distinctly foveate for reception of front and hind femora (Fig. 174); prosternum carinate. Legs: relatively

short, retractile (Fig. 173); tibiae slender, not spinose; tarsal claws appendiculate (Fig. 186 - 188), to simple in some species

(Fig. 190). Male genital armature (Fig. 171A, 171B, 171C): basal lobe asymmetrical, lateral lobes setose distally, equal to or

longer than basal lobe. Female genitalia (Fig. 17 ID): spermatheca of 2 vesicles, retort-shaped, connected by thin, tubular duct.

Distribution. — Worldwide except Australia and New Zealand. Number of described species:

335 for the world, (Korschefsky, 1931); 28 Palaearctic Region (lablokoff, 1971); 72 Nearctic

Region (Dobzhansky, 1941). Fursch (1972) reviewed the African fauna (54 species).

Natural history. — Predaceous upon aphids and coccids of Pulvinaria, Pseudococcus, and

Phenacoccus species. Both adults and larvae of some species, e.g., Hyperaspis reppensis, were

reported as inquilines in ants’ nests (Wheeler, 1911; Mann, 1911).

Species not studied. — I did not see specimens of the following species, which may be ex-

pected to occur in southern Alberta or British Columbia: Hyperaspis levrati Mulsant and H.

annexa LeConte.

Key to adults of the species of Hyperaspis from western Canada and Alaska

1 (0) Elytra mostly black, distinctly maculate with yellow to orange-yellow spots

and/or vittae

1' Elytra and pronotum brown-black, except traces of orange-brown maculation

on lateral and anterior margins of pronotum and humeral angles of elytra. Al-

pine tundra of northern Rocky Mountains H. jasperensis, n. sp., p.

2 (1) Each elytron maculate in addition to marginal vitta with distinct longitud-

inal discal vitta

2' Each elytron maculate with marginal vitta or/and spots, in some specimens

confluent with marginal vitta

3 (2) Lateral margin of each elytron maculate with relatively narrow vitta extended

to apex. Discal vitta extended diagonally across elytron, from humeral angle

to apex. In some specimens feebly confluent with marginal vitta

H. quadrivittata LeConte, p.

3' Lateral margin of each elytron maculate with relatively narrow, abbreviated

vitta, extended from humeral angle for 0.66 of length. Apex maculate with

separate oval spot. Discal vitta abbreviated, extended diagonally from apex

2
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4
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to mid-line //. Dobzhansky, p. 314

4 ( 2')Each elytron maculate with apical spots only, or in some species with traces

of marginal vitta at humeral angles 5

4' Each elytron maculate in addition to distinct marginal vitta with spots 6

5 ( 4') Each elytron maculate with single apical spot only

H. postica LeConte, p. 312
5' Each elytron maculate with single apical spot, and traces of very abbreviated

marginal vitta at humeral angles H. elliptica Casey, p. 313

6 ( 4 ) Marginal vitta abbreviated, not extended to apex 8

6 Marginal vitta not abbreviated, extended to apex 7

7 ( 6 ) Each elytron maculate with relatively wide marginal vitta only, extended from

humeral angles to apex, shortly curved anteriorly

H. fimbriolata (Melsheimer), p. 313

7 Each elytron maculate with relatively wide, sinuate marginal vitta, and single

discal spot H. undulata {SdLy), p. 314

8 ( 6 ) Each elytron maculate in addition to marginal vitta with less than three

spots each 9

8 Each elytron maculate in addition to relatively wide marginal vitta with three

spots, arranged parallel to suture H. levrati Mulsant.

9 ( 8 ) Each elytron maculate in addition to abbreviated marginal vitta with two

spots 10
9' Each elytron maculate in addition to abbreviated marginal vitta with single

spot each 13

10 ( 9 ) Marginal vitta relatively wide 12

1
0' Marginal vitta relatively narrow 11

11 (10 ) Marginal vitta not sinuate, apical spot oval, smaller than discal spot

H. lugubris (Randall), p. 316

1 r Marginal vitta sinuate. Apical spot on each elytron round, relatively large,

discal spot elongate oval (Fig. 27) H. simulathx Dobzhansky, p. 315

12 (10 ) Each elytron maculate in addition to abbreviated, marginal vitta, with oval

apical spot, and large discal spot (in some specimens confluent with marginal

vitta). Maculation yellow-orange to orange H. lateralis Mulsant, p. 311

12
' Each elytron maculate in addition to abbreviated marginal vitta with rela-

tively large lunate apical spot, and elongate discal spot. Maculation ochreous-

yellow. Spots in some specimens confluent longitudinally

H. fastidiosa Casey, p.

13 ( 9 ) Marginal vitta relatively narrow, extended from humeral angel posteriorly

0.80. Apex of each elytron maculate with small, transverse oval spot

H. lanei Hatch, p.

12 Marginal vitta extended posteriorly 0.60, distinctly tapered. Apex of each

elytron maculate with small, oval spot H. dissoluta Crotch, p. 315

312
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Hyperaspis lateralis Mulsant

Hyperaspis lateralis Mulsant, 1850:657. Type locality: “le Mexique.” Type not studied.

Hyperaspis laevipennis Casey, 1899:122. Type locality: San Diego, California. Type in USNM. Synonymized by Dobzhan-

sky, 1941:15.

Hyperaspis pinguis CsLsey, 1899:122. Type locality: “Arizona”. Type in USNM. Synonymized by Dobzhansky, 1941:15.

Hyperaspis montanica Casey, 1899: 121. Type locality: “western Montana”. Type in USNM. Synonymized by Dobzhan-

sky, 1941:16.

Hyperaspis wellmani Nunenmacher, 1911:72. Type locahty: “Goldfield, Nevada.” Type in CAS. Synonymized by Dobzhan-

sky, 1941:18.
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Hyperaspis idae Nunenmacher, 1912:450. Type locality: GuerneviUe, California. Type in CAS. Synonymized by Dobzhan-

sky, 1941:19.

Comparison. — Distinguished from other North American Hyperaspis species by; general

habitus and maculation (Fig. 1 7); size (TL 2.6-3. 8 mm); details of male genital armature (fig-

ured by Dobzhansky, 1941); and geographic range in western North America (Fig. 108).

Description. - Habitus and maculation as in Fig. 17, 18, and 19. Body broadly oval, prominently convex. Color: in males

head and mouthparts yellow, pronotum with lateral and anterior margins narrowly bordered yellow; in females head black,

pronotum mostly black, with or without reddish anterior angles; elytral maculation yellow to red; marginal vitta extended

for basal 0.40 broad, parallel sided; discal spot round to longitudinally oval; apical spot round to transversely oval; ventral

surface black, except epimera white in males, black in females; front legs, tibiae and tarsi of middle and hind legs brownish-

yeUow in males, in females only tarsi so colored* Legs: tarsal claws appendiculate (Fig. 181, 185). Male genital armature: basal

lobe shorter than lateral lobes, asymmetrical (figured by Dobzhansky, 1941). TL 2.6 - 3.8 mm; W 2.3 - 3.0 mm.
Variation. - Color and maculation: elytral maculation varied in extent and color from yellow to red; marginal vitta ex-

panded and fused with enlarged discal spot; in some specimens vitta also coalescent with apical spot.

Distribution. — Western North America, Fig. 108. Recorded from: Alberta, Arizona, British

Columbia, California, Colorado, Idaho, Mexico, Montana, Nevada, New Mexico, Oregon, South

Dakota, Texas, Washington, and Wyoming.

Collecting and natural history notes. - Habitat: grasslands and parkland of southern Alberta.

Arboricole on trees and shrubs infested with mealybugs and aphids. Also collected from several

species of Artemisia, and other herbaceous plants. Hosts: Pseudococcus sequoiae, P. aurilanatus.

Number of specimens examined. — 135.

Hyperaspis fastidiosa Casey

Hyperaspis fastidiosa Casey, 1908:414. Type locality: San Diego, California. Type in CAS.

Hyperaspis fastidiosa septentrionis Dobzhansky, 1941:15. Type locality: Murtaugh, Idaho, Type in USNM (54201).

Comparison. — Distinguished from other North American Hyperaspis species by: general

habitus and maculation (Fig. 13); size (TL 2. 1-2. 7 mm); details of male genital armature (fig-

ured by Dobzhansky, 1941); and geographic range confined to western North America (Fig. 109).

Description. - Habitus and maculation as in Fig. 13. Body oval, prominently convex. Color: head yellow, vertex black,

mouthparts and antennae yellow; pronotum mostly black, except lateral margins with large, quadrate mark; anterior margin

yellow in males; elytra mostly black, each elytron maculate with lateral yellow vitta, posteriorly joined to subapical spot;

anterior discal spot large, extended posteriorly and joined with subapical spot; basal margin, scutellum, and suture black;

apices emarginate black; ventral surface light brown to brown-black; femora and tarsi light brownish-yellow, other articles

darker. TL 2.1 - 2.7 mm; W 1.6 - 1.9 mm.
Variation. - Color: dimorphic, head in females black, vertex yellow in males; pronotum of males with yellow anterior

margin, dilated medially to various degree; elytral maculation confluent to various degree.

Distribution. — Western North America, Fig. 109. Recorded from: Alberta, Arizona, British

Columbia, California, Colorado, Idaho, Montana, Nevada, Oregon, Utah, and Wyoming.

Collecting and natural history notes. - Habitat: grasslands, parkland and xeric savannas in

southern Alberta and British Columbia.

Number ofspecimens examined. — 38.

Hyperaspis postica LeConte

Hyperaspis postica LeConte, 1880: 188. Type locality: “California.”

Comparison. — Distinguished from other North Arntnccin Hyperaspis species by: general

habitus and maculation (Fig. 24); size (TL 2.3-3. 1 mm); details of male genital armature (fig-

ured by Dobzhansky, 1941); distribution confined to western North America (Fig. 110).

Description. - Habitus and maculation as in Fig. 24. Body elongate oval, moderately convex. Color: head black; mouth-

parts and antennae yellow; pronotum mostly black, except lateral margins bordered yellow-orange; elytra mostly black, macu-

late with single, orange-yeUow oval, subapical spot each; ventral surface and legs brown-black; tarsi and tibiae distaUy, orange-

brown. Sculpture: dorsal surface distinctly punctate, shiny; punctures unequal. Elytra: margins narrowly beaded; suture nar-

rowly beaded. Legs: tarsal claws appendiculate. TL 2.3 - 3.1 mm; W 1.7 - 2.2 mm.



Coccinellidae of Western Canada and Alaska 313

Distribution. — Western North America, Fig. 1 10. Recorded from: Alberta, Arizona, British

Columbia, California, Idaho, Oregon, Utah, and Washington.

Collecting and natural history notes. - Habitat; grasslands and parkland in southern Alber-

ta and British Columbia.

Number ofspecimens examined. — 28.

Hyperaspis fimbriolata Melsheimer

Hyperaspis fimbriolata Melsheimer, 1847: 180. Type locality: “Pennsylvania.” Type not studied.

Hyperaspis rufomarginata Mulsant, 1850:661. Type locality: “P Amerique boreale.” Type not studied. Synonymized by

Dobzhansky, 1941:54.

Hyperaspis limbalis Casey, 1899:126. Type locality: San Diego, California. Type in USNM. Synonymized by Dobzhansky,

1941:54.

Hyperaspis infiexa Casey, 1899:126. Type locality: “Dakota”. Type in USNM. Synonymized by Dobzhansky, 1941:56.

Hyperaspis serena Casey, 1908:417. Type locality: “Pennsylvania”. Type in USNM. Synonymized by Dobzhansky, 1941:

55.

Comparison. — Distinguished from other North American Hyperaspis species by: general

habitus and maculation (Fig. 14); size (TL 2.3-2. 8 mm); details of male genital armature (fig-

ured by Dobzhansky, 1941); transcontinental range in North America (Fig. 1 12).

Description. - Habitus and maculation as in Fig. 14. Body oval, moderately convex. Color: head yellow in males with

median black stripe, pronotum mostly black with yellow lateral margin; in females head and pronotum entirely black; elytral

maculation yellow to orange; marginal vitta basal 0.25, sinuate; legs brown to black, tibiae and tarsi yellowish in males.

Sculpture: microsculpture of pronotum dense, and fine; that of elytra more pronounced. TL 2.3 - 2.8 mm; W 1.7 - 2.0 mm.

Distribution. — Widely ranging in North America, Fig. 1 12. Recorded from; Alberta, Arizona,

British Columbia, California, Colorado, Florida, Illinois, Indiana, Iowa, Kansas, Louisiana,

southern Manitoba, Maryland, Massachussetts, Michigan, Minnesota, Mississippi, Montana,

Nebraska, New Mexico, New York, North Dakota, North Carolina, Oregon, Pennsylvania,

Texas, southern Saskatchewan, South Dakota, Utah, Virginia, Washington, and Wyoming.

Collecting and natural history notes. — Habitat: grasslands, parkland and xeric savannas.

Number ofspecimens examined. — 45.

Hyperaspis quadrivittata LeConte

Hyperaspis quadrivittata LeConte, 1852: 133. Type locality: “Long’s Peak,” Type not studied.

Hyperaspis tetraneura Casey, 1908:420. Type locality: “Boulder Co., Colorado.” Type in USNM. Synonymized by

Dobzhansky, 1941:75.

Comparison. — Distinguished from other North American Hyperaspis species by; general

habitus and maculation (Fig. 22); size (TL 2.0-2. 7 mm); distribution in western North Amer-

ica (Fig. 113).

Description. - Habitus and maculation as .in Fig. 22. Body elongate oval, oblong. Color: head yellow in males with black

vertex; in females black entirely; pronotum in both sexes with yellow lateral margins; elytra mostly black, maculate with

yellow to whitish-yellow spots; marginal vitta extended posteriorly to apex, in some individuals united with discal vitta.

TL 2.0 - 2.7 mm; W 1.3 - 1.8 mm.

Distribution. — Western North America, Fig. 1 13. Recorded from: Alberta, Arizona, British

Columbia, Colorado, Idaho, Iowa, Montana, Nebraska, New Mexico, Utah, and Wyoming.

Collecting and natural history notes. — Collected only in southern British Columbia and

Alberta.

Number ofspecimens examined. — 27.

Hyperaspis elliptica Casey

Hyperaspis elliptica Casey, 1899: 126. Type locality: “California.” Type in USNM.

Hyperaspis elliptica angustula Casey, 1899:127. Type locality: “Mendocino Co., California.” Type in USNM. Synonymized

Quaest. Ent., 1976 12(4)
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by Dobzhansky, 1941:40.

Comparison. — Distinguished from other North American Hyperaspis species by: general

habitus and maculation (Fig. 23); size (TL 2.6-3. 2 mm); distribution confined to western North

America. Resembles H. postica from which it can be distinguished by larger size, more elongate

outline and more distinct elytral microsculpture.

Description. - Habitus and maculation as in Fig. 23. Body outline oval, moderately convex. Color: head yellow in males

with black median fascia; in females entirely black; pronotum in both sexes with yellow lateral margin; elytra mostly black,

maculation yellow; apical spot transversely oval to triangular, closer to margin than to suture; ventral surface dark to light

brownish-yellow; tibiae and tarsi yellowish in males, brown in females. TL 2.6 - 3.2 mm; W 1.6 - 2.0 mm.

Distribution. — Western North America, Fig. 111. Recorded from: Alberta, British Colum-

bia, California, Montana, and Washington.

Collecting and natural history notes. — Habitat: grassland, parkland and savannas in south-

ern Alberta and British Columbia.

Number ofspecimens examined. —
1 8.

Hyperaspis undulata (Say)

Coccinella undulata Say, 1824:92. Type locality: “Missouri.” Type lost.

Hyperaspis maculifera Melsheimer, 1847: 179. Type locality: “Pennsylvania.” Type not studied. Synonymized by Dobzhan-

sky, 1941:65.

Hyperaspis elegans Mulsant, 1850:658. Type locality: “F Amerique boreale.” Type not studied. Synonymized by Dobzhan-

sky, 1941:65.

Comparison. — Distinguished from other North American Hyperaspis species by: general

habitus and maculation (Fig. 25); size (TL 2. 3-2. 7 mm); wide range in North America; and

details of male genital armature (figured by Dobzhansky, 1941).

Description. - Habitus and maculation as in Fig. 25. Body elongate oval, convex. Color: head black; pronotum mostly

black, lateral margins orange-yellow; elytra mostly black, maculation orange-yellow; ventral surface dark brown; tibiae and

tarsi light brownish-yellow, other articles dark brown. Vestiture: normal for genus. Sculpture: dorsal surface punctate, shag-

reened, punctures shallow; pronotum distinctly punctate, shiny; elytral punctures unequal, isodiametric meshes absent.

TL 2.3 - 2.7 mm; W 1.4 - 1.9 mm.

Distribution. — Widely ranging in North America, Fig. 1 14. Recorded from: southern Alber-

ta, southern British Columbia, Colorado, Dakotas, Kansas, Louisiana, Manitoba, Michigan, Min-

nesota, Nebraska, New Jersey, New York, Utah, and Texas.

Collecting and natural history notes. — Collected in southern Alberta and British Columbia.

Number ofspecimens examined. — 9.

Hyperaspis oregona Dobzhansky

Hyperaspis oregona Dobzhansky, 1941:76. Type locality: “Harney Co., Oregon.” Type in USNM.

Hyperaspis oregona borealis Dobzhansky, 1941:76. Type locality: “Sonoma County, California.” Type in USNM.

Comparison. — Distinguished from other North American Hyperaspis species by: general

habitus and maculation (Fig. 20); size (TL 2. 1-2. 5 mm); range confined to western North Am-

erica.

Description. - Habitus and maculation as in Fig. 20. Body elongate oval, oblong. Color: head black; antennae light brown-

ish-yellow, mouthparts brown; pronotum mostly black, lateral margins narrowly bordered yellow; elytra mostly black, macu-

lation orange-yeUow; each elytron with narrow marginal vitta, extended from base for 0.80 of length; subapical spot oval;

discal vitta narrow and abbreviated, only in posterior 0.50 of elytron; ventral surface and legs piceous to dark brown, tarsi

and tibiae light brownish-yellow. Abdomen: metacoxal arcs complete, subparaUel with sternal margin. TL 2.1 - 2.5 mm; W
1.5 - 1.7 mm.

Variation. - Males with frons and anterior margin of pronotum orange-yellow.

Distribution. — Western North America, Fig. 1 15. Recorded from: southern Alberta, south-

ern British Columbia, Idaho, Montana, Oregon, Washington, and Wyoming.

Collecting and natural history notes. — Adults were collected in southern Alberta and
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British Columbia.

Number of specimens examined. — 7.

Hyperaspis lanei Hatch

Hyperaspis lanei Hutch, 1962:159. Type locality: “Bead Lake, Washington.” Type inWUSP.

Comparison. — Distinguished from other North American Hyperaspis species by combina-

tion of characters: general habitus and maculation (Fig. 26); size (TL 2.0-2. 5 mm); geographic

range confined to western North America (Fig. 1 1 7).

Description. - Habitus and maculation as in Fig. 26. Body elongate oval, oblong. Color: head black, except antennae and

mouthparts; sexually dimorphic; pronotum and elytra mostly black, bordered with lateral yellow margins in both sexes; elytra

maculate with abbreviated, relatively narrow marginal vitta for basal 0.66 - 0.80; wider posteriorly; apical spot small, trans-

versely oval; ventral surface and legs black, except tibiae brown, tarsi and epipleura orange-brown. Vestiture: normal for

genus. Sculpture: head finely punctate, shagreened; pronotum and elytra more distinctly punctate, without isodiametric meshes

between punctures, shiny; punctures of elytra more irregular, unevenly spaced. TL 2.0 - 2.5 mm; W 1.7 mm.
Variation. - Color: sexually dimorphic - female with head black, male with head yellow, black at vertex.

Distribution. — Western North America, Fig. 1 17. Recorded from: southern British Colum-

bia, Idaho, and Washington.

Collecting and natural history notes. - Habitat: xeric savanna, sagebrush communities.

Number of specimens examined. — 10.

Hyperaspis dissoluta Crotch

Hyperaspis dissoluta Crotch, 1873:379. Type locality: none given.

Hyperaspis coloradana Casey, 1908:417. Type locality: Boulder, Colorado. Type in USNM. Synonymized by Dobzhansky,

1941:59.

Comparison. — Distinguished from other North kvatncan Hyperaspis species by: general

habitus and maculation (Fig. 1 5); size (TL 2. 2-3.0 mm); geographic range confined to western

North America (Fig. 1 18); and details of male genital armature (figured by Dobzhansky, 1941).

Description. - Habitus and maculation as in Fig. 15. Body oval, convex. Color: head black, frons orange-yeUow; eyes with

greenish-blue lustre; antennae and mouthparts light brownish-yellow; pronotum mostly black, anterior angles and margin nar-

rowly yellow; elytra mostly black, maculation orange-yellow; each elytron with marginal vitta for basal 0.66; subapical spot

elongate oval; ventral surface black; front legs, tibiae and tarsi of middle and hind legs orange-yellow. Sculpture: dorsal sur-

face distinctly punctate, polished; lateral margins of elytra narrowly reflexed. Abdomen: metacoxal arcs complete, subparal-

lel with sternal margin. TL 2.2 - 3.0 mm; W 1.6 - 2.2 mm.

Distribution. — Western North America, Fig. 1 18. Recorded from: Arizona, British Colum-

bia, California, Colorado, Idaho, Montana, Nevada, Oregon, Texas, and Washington.

Collecting and natural history notes. — Collected in southern British Columbia only.

Number ofspecimens examined. — 14.

Hyperaspis sirnulatrix Dobzhansky

Hyperaspis sirnulatrix Dobzhansky, 1941:72. Type locality: “Oakley, Idaho.” Type in USNM (54216).

Comparison. — Specimens of this species resemble those of H. lugubris (Randall), which are

on average larger, and H. quadrioculata (Motschulsky), a Californian species.

Description. - Habitus and maculation as in Fig. 27. Body elongate oval, convex. Color: head black, frons orange-yellow,

vertex black; pronotum mostly black, lateral margins orange-yellow; elytra mostly black, maculate with orange-yeUow spots;

each elytron with elongate oval discal spot, and transverse subapical spot, lateral margin with orange-yellow vitta for basal

0.60; ventral surface and legs brown-black, except femora and tarsi light brownish-yellow; Abdomen: metacoxal arcs com-

plete. Legs: tarsal claws appendiculate. TL 2.2 - 2.5 mm; W 1.6 - 1.8 mm.

Variation. - Color: head black in females.

Distribution. — Western North America, Fig. 1 16. Recorded from: southern Alberta, south-

ern British Columbia, Idaho, Montana, Oregon, Saskatchewan, Utah, and Washington.
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Collecting and natural history notes. - Habitat: collected from Artemisia plants during

June-July in southern Alberta.

Number ofspecimens examined. — 8.

Hyperaspis lugubris (Randall)

Coccinella lugubris Randall, 1838:52. Type locality: “Massachusetts.” Type not studied.

Hyperaspis venustula Mulsant, 1850:671. Type locality: ‘T’ Amerique boreale.” Type not studied. Synonymized by

Dobzhansky, 1941:21.

Hyperaspis jucunda LeConte, 1852:134. Type locality: “Illinois.” Type not studied.

Hyperaspis lecontii Crotch, 1874:233. Unnecessary replacement name for//, jucunda LeConte, 1852.

Hyperaspis separata Casey, 1924:165. Type locality: “Natick, Massachusetts.” Type in USNM. Synonymized by Dob-

zhansky, 1941:21.

Comparison. - Distinguished from other North American species by: general

habitus and maculation (Fig. 29); size (TL 2. 3-3. 3 mm); transcontinental range in southern

half of North America (Fig. 119); details of male genital armature (figured by Dobzhansky,

1941).

Description. - Habitus and maculation as in Fig. 30. Body elongate oval, convex. Color: head orange-yellow; pronotum:

orange yellow in males, black with orange-yellow lateral margins in females; elytra mostly black, maculate with orange-yellow

spots and vittae; each elytron with median, elongate oval orange-yellow spot; round apical spot; marginal vitta for 0.66 of

length, expanded posteriorly; mouthparts and legs rufous. Male genitalia (figured by Dobzhansky, 1941). TL 2.3 - 3.3 mm;
W 1.6 - 2.4 mm.

Variation. - Coloration of pronotum varies to some extent in both males and females. Some males with posterior part

and middle darker to brown. Females with anterior margin narrowly yellow.

Distribution. — Widely ranging in North America, Fig. 1 19. Recorded from: southern Alber-

ta, southern British Columbia, California, Colorado, Idaho, Illinois, Indiana, Iowa, Kansas,

Massachusetts, Michigan, Montana, New Jersey, New York, North Dakota, southern Saskat-

chewan, South Dakota, Texas, and Wisconsin.

Collecting and natural history notes. — Habitat: grassland, savannas and parkland. In the

study area collected in southern Alberta and British Columbia only.

Number ofspecimens examined. —
1 8.

Hyperaspis jasperensis, new species

Hyperaspis jasperensis, new species. Type locality: Canada, Alberta, Jasper National Park,

Bald Hills (53° 43' N, 1 17°41' W). Holotype: male, labelled “Holotype (red border, circular

label); CANADA, Alberta, Jasper National Park, Bald Hills. P. Kuchar, collector.” Deposited

in CNC. Paratypes: 5 males, 4 females; labelled “Paratype” (yellow border, circular label),

other data as for holotype. Deposited in UASM, USNM, CAS, FMNH, CUNY, and WSUP.

Derivation of specific epithet. — Named in reference to the type locality - Jasper National

Park.

Comparison. — Distinguished from other North American Hyperaspis species by: immacu-

late, brown-black elytra and restricted range in Northern Rocky Mountains (Fig. 1 19).

Description. - Habitus and maculation as in Fig. 28. Superficially similar to Hyperaspidius arcuatus, (Fig. 16). Body

elongate oval, oblong. Color: dorsal surface brown-black, except orange-brown lateral and anterior pronotal margin, and

humeral angles of each elytron; mouthparts brown; antennae yellow; ventral surface brown-black, except tarsi yellowish-

brown. Vestiture: normal for genus. Sculpture: dorsal surface distinctly punctate, punctures shallow, without isodiametric

meshes; ventral surface distinctly punctate, punctures large. Head: normal for genus; labium (Fig. 191). Legs: normal, tarsal

claws simple (Fig. 190). Male genital armature (Fig. 171A, 171B, 171C): Female genitalia (Fig. 171D): spermatheca retort-

shaped. TL 1.5 mm; W 0.8 mm.

Note on relationships. — This species is a member of H. annexa group of Dobzhansky (1941).

This is based on apomorphic structural characters shared by the members of this group, e.g.,

structure of male genital armature, (shape of median lobe).
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Distribution. — Alpine zone of the Northern Rocky Mountains. Recorded from the type

locality only.

Collecting and natural history notes. ~ Habitat: alpine tundra, i.e. barren ridge of shale

(7,600 ft; 2,316 m); windswept Dryas tundra (7,400 ft; 2,255 m);and also east facing slope

with diverse vegetation, notably Anemone occidentalis, Artemisia norvegica, grasses and sed-

ges (7,300 ft; 2,225 m); Peter Kuchar {in litteris).

Genus Brachiacantha Dejean

Brachiacantha Dejean, 1836:458. Type-species: Coccinella dentipes Fabricius, 1801:381. Subsequently designated by

Crotch, 1874:210.

Brachyacantha Chevrolat, 1842:705. Unjustified emendation.

Derivation of name. - From Greek, brachys + akantha = short + thorn, in reference to spin-

ose front tibiae. First used by Dejean (1836), who credited its origin to Chevrolat. Subsequent

authors used Chevrolat’s ( 1 842) spelling.

Comparison. - Distinguished from other North American genera of Hyperaspini by: modi-

fied front tibiae, spinose at anterior edge (Fig. 176); tarsal claws appendiculate (Fig. 183, 184);

eyes narrowly emarginate by post-antennal process.

Description. - Habitus and maculation as in Fig. 31. Body elongate oval, compact and prominently convex. Head: anten-

nae each of 11 articles, terminal articles modified as in other Hyperaspini (Fig. 175, 177, 178); ultimate article of maxillary

palpus securiform; eyes emarginate by postantennal process. Legs: relatively short and stout, retractile; tarsal formula 4-4-4,

claws each with large basal plate, (Fig. 183, 184); front tibiae spinose anteriorly at basal 0.40; anterior edge grooved (Fig.

176). Abdomen. Six visible sterna in female, apparently seven in male (7th = tergum). Males only - 3rd, to 5th sterna modi-

fied; depressed at middle or variously bicuspid. TL 1.6 - 6.0 mm; W 1.2 - 4.0 mm.
Variation. - The sexes distinguished by presence of seven apparent sterna (7th = tergum) in males, their modification in

the last three; and in many species yellow-orange head in males as compared to black in females. The shape of front tibia,

position of spine and other modifications thereof provide characters for identification of species. Color and pattern: elytral

maculation polymorphic, varied in extent and melanism.

Distribution. — Panamerican genus with centre of diversity in Mexico and Central America.

Ten species have been reported from South America, 19 from Mexico and Central America, and

18 from North America north of Mexico (Leng, 1911). Only one species was recorded from

the study area.

Natural history. — Larvae are inquilines in ant nests (Lasius sp.), and feed upon aphids and

coccids carried by ants into their nests (Wheeler, 1911).

Systematic studies. - Casey (1899, 1908); and Leng (1903, 1911).

Brachiacantha iirsina (Fabricius)

Coccinella ursina Fabricius, 1787:61. Type locality: “America boreali.” Type not studied.

Coccinella albifrons Say, 1824:94. Type locality: “Missouri.” Type lost. Synonymized by Wingo (1952:27).

Brachycantha stellata Casey, 1899: 117. Type locality: “Indiana.” Type in USNM. NEW SYNONYMY.
Brachyacantha congniens Casey, 1899: 117. Type locality: “Asheville, North Carolina.” Type in USNM. NEW SYNONYMY.
Brachyacantha uteella Casey, 1908:413. Type locality: “Milford, Utah.” Type in USNM. NEW SYNONYMY.
Brachyacantha sonorana Casey, 1908:413. Type locality: “Colonia Garcia, Chihuahua; Mexico.” Type in USNM. NEW

SYNONYMY.

Note on synonymy. — Based on examination of type specimens in Casey’s collection (USNM),

I consider these to be conspecific with one another, and with the species described by Fabricius,

B. ursina. This conclusion is based on presence of intermediate variants (melanic morphs) in

this polymorphic species, and the same structure of male genital armature among different

morphs.

Comparison. — This is the only species of Brachiacantha recorded from the study area.

Distinguished from B. dentipes by smaller size and modification of front tibia (Fig. 176).
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Description. - Habitus and maculation as in Fig. 31. Body elongate oval, compact, prominently convex. Color: head

yeUow-orange; vertex black; eyes with bluish-green lustre; antennae and mouthparts orange-yellow; pronotum mostly black,

except anterior angles and margin maculate yellow-orange; elytra yellow-orange; suture narrowly black, stripe expanded

posteriorly; each elytron with humeral and subapical black spot; confluent with each other and sutural stripe depending on

degree of melanism; ventral surface and legs brown-black, except femora and tarsi light brownish-yellow. Legs: front femora

modified, with anterior edge produced into sharp blade, toothed at proximal end; tarsal formula 4-4-4, claws appendiculate.

Abdomen: metacoxal arcs complete. TL 2.0 - 3.6 mm;W 2.0 - 2.5 mm.

Variation. - Polymorphic species. In melanic specimens, pronotum mostly black, except yellow-orange anterior angles;

elytra black, each with five small, orange yellow spots (Fig. 31). Black pigmented spots are confluent or missing entirely in

some specimens. Degree of melanism could be clinal, but even the relatively small sample available for study indicates that

the melanic variants are predominant in most northern localities, except the southern, xeric portion of Alberta.

Distribution. — Widely ranging in North America, and Mexico, Fig. 120. Recorded from:

Alabama, Alberta, Arizona, British Columbia, Colorado, Florida, Illinois, Indiana, Kansas,

Louisiana, southern Manitoba, Michigan, Montana, Mexico, New Mexico, Ontario,,Oregon,

Pennsylvania, Quebec, Saskatchewan, South Carolina, South Dakota, Utah, Washington, Wis-

consin, and Wyoming.

Collecting and natural history notes. - Habitat: Larvae are inquilines in nests of ants,

Lasius claviger (Roger), preying upon Pemhigus species domesticated by the ants (Schwarz,

1890). Adults develop in ant nests before dispersal.

Number ofspecimens examined. — 142.

Genus Chilocorus Leach

Chilocorus Leach, 1815:116. Type-species: Coccinella cacti Linnaeus, 1767:458. Subsequently designated by Hope, 1840:

157.

Chilochorus Hope, 1840:157. Misspelling.

Derivation of name. — Chilocorus, from Greek, cheilos + koros = lip (labrum) + wide (ex-

panded); in reference to laterally expanded clypeus.

Comparison. - Distinguished from other Chilocorini recorded from the study area by:

antenna of eight articles; setose anterior angles of pronotum and beaded ridge extended from

posterior angles along basal margin.

Description. - Chilocorini with body broadly oval, prominently convex. Head: antennae of 8 articles each. Elytra: margins

explanate but not reflexed, narrowly beaded, epipleura shallowly foveate. Legs: tibiae modified, spinose at basal 0.33; tibial

spurs absent; tarsal formula 4-4-4, claws with quadrate basal tooth. Abdomen: metacoxal arcs incomplete.

Distribution. — World wide, genus with more than 50 species included. In North America

represented by six described species.

Natural history. - Both larvae and adults are predaceous on Aphidae, Chermidae, and

other homopterous insects.

Systematic studies. — The North American species of this genus have been studied by

Casey ( 1 899), Leng ( 1 903), Smith (1959,1 962, 1 966). Chapin (1965) revised the tribe Chil-

ocorini at generic level for the world.

Key to adults of the species of Chilocorus from western Canada and Alaska

The following three species are separable only on basis of geographic distribution ranges

and chromosome" numbers, (adopted and modified from Smith, 1959).

1 (0) Karyotype 2n=14 (southern Alberta and Saskatchewan)

C. hexacyclus Smith, p. 319

F Karyotype 2n= 19+ 2

2 (!') Karyotype 2n=20 (interior British Columbia) C. tricyclus Smith, p. 319

2' Karyotype 2n=22+s (widely ranging) C. stigma iSay), p. 319



Coccinellidae of Western Canada and Alaska 319

Chilocorus stigma (Say)

Coccinella stigma Say, 1835:202. Type locality: None specified. “United States.” Type lost.

Chilocorus bivulnems Mulsant, 1850:460. Type locality: “f Amerique du Nord.” Type not studied. Synonymized by

Casey, 1899.

Comparison. — Karyotype: 2n=22+s. Polymorphic: males, 2n=l 9-25; females, 2n=20-26.

Description. - Habitus and maculation as in Fig. 33. Body short oval, prominently convex to subhemispherical. Color:

head black; mouthparts brown-black, antennae light brownish-yellow; pronotum and elytra mostly black, except maculation

orange-yellow; each elytron with circular, discal spot. Sculpture: dorsal surface distinctly punctate, polished; elytral punc-

tures relatively large, unequal. Abdomen: metacoxal arcs incomplete, subparallel with sternal margin. TL 4.4 - 5.0 mm; W
4.3 mm.

Distribution. — Restricted to east of Rocky Mountains and Sierra Nevada Mountains, (Fig.

124). Recorded from: Alabama, Alberta, Arizona, Arkansas, Colorado, Florida, Georgia, Idaho,

Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana, Manitoba, Michigan, Mississippi, Missouri,

Montana, New Hampshire, New Mexico, New York, North Carolina, North Dakota, Ohio, On-

tario, Pennsylvania, Quebec, Saskatchewan, South Carolina, South Dakota, Tennessee, Utah,

Virginia, West Virginia, Wisconsin, and Wyoming.

Collecting and natural history notes. - Habitat: parkland and forest, apparently associated

with Adelges (Chermes) species, and conifers.

Number ofspecimens examined. — 1 32.

Chilocorus tricyclus Smith

Chilocorus tricyclus Smith, 1959:446. Type locality: “Grand Forks, British Columbia.” Type in CNC.

Comparison. — Distinguished from other Chilocorus species cytologically. Karyotype: 2n=

20. Meiotic formula - 3 ring II + 6 non-ring II; II + 1 neo-XY (male): XX (female) II.

Description. - Superficially indistinguishable from C stigma and C. hexacyclus. TL 4.4 - 5.0 mm; W 4.3 mm.

Distribution. — Northwestern North America, Fig. 122. Recorded from: West of Continen-

tal Divide in British Columbia and Washington.

Collecting and natural history notes. — Habitat: trees and shrubs in coniferous parkland and

forests. Food: specimens of Phenacaspis pinifoliae (Fitch).

Number ofspecimens examined. — 21.

Chilocorus hexacyclus Smith

Chilocorus hexacyclus Smith, 1959:446. Type locality: “Conquest, Saskatchewan.” Type in CNC.

Comparison. — Distinguished from other North American Chilocorus species only on the

basis of chromosomal count. Karyotype: 2n=14. Meiotic formula - 6 ring II + 1 ;
neo-XY (male):

XX (female) II.

Description. - Superficially indistinguishable from the two previous species C. stigma and C. tricyclus. Karyotype: two

arms of each of 12 autosomes and X euchromatic, Y metacentric; not acrocentric and euchromatic as in C. tricyclus (Smith,

1962). TL 4.4 - 5.0 mm; W 4.3 mm.

Distribution. - Northern North America, Fig. 123. Recorded from: southern Alberta and

Saskatchewan only.

Number ofspecimens examined. — 11.

Genus Exochomus Redtenbacher

Exochomus Redtenbacher, 1843:11. Type-species: Coccinella quadripustulata Linnaeus, 1758:367. Subsequently designa-

ted by Korschefsky, 1932:252. Designations of Coccinella tripustulata DeGeer, 1775:365; by Crotch (1873:376), and

Coccinella nigromaculata Goeze, 1778:284; by Crotch (1874:192) are both invalid because these names were not among

those originally included.
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Derivation of name. — Exochomus, from Greek exochos and omos = standing out (promin-

ent), and shoulder in reference to prominent humeral angles of elytra.

Comparison. — Distinguished from other North American Chilocorini by: antennae each

of 10 articles, tarsal claws each with subquadrate basal tooth.

Description. — Chilocorini with body outline short oval to circular, moderately convex. Head: antennae each of 10 arti-

cles; mandibles simple at apex; terminal article of maxillary palpus subsecuriform; ultimate article of labial palpus cylin-

drical, twice as long as wide. Thorax: pronotum narrowly margined across base, lateral margins slightly reflexed; prosternal

lobe narrow, truncate at apex, anterior coxae almost contiguous; legs with moderately stout femora, tibiae slender, tarsal

formula 4-4-4, claws with subquadrate basal tooth each. Elytra: margin distinctly beaded, epimera not foveate. Abdomen:

metacoxal arcs complete or virtually so. Male genitalia (figured by Chapin, 1965a): basal lobe slender, parallel in basal 0.66,

slightly asymmetrical in apical 0.33; lateral lobes .12 longer than basal lobe; sipho arcuate slender, or even diameter through-

out most of its length, apex twisted, siphonal capsule well developed.

Distribution. — World wide, genus with six species included (Chapin, 1965a).

Exochomus aethiops (Bland)

Coccinella aethiops Bland, 1864:72. Type locality: “Colorado.” Type not studied.

Brurnus aethiops: Korschefsky, 193 1: 265. Misidentification.

Exochomus mormonicus Casey, 1908:41 1. Type locality: “Marysvale, Utah.” Type in USNM (35556). Synonymized by

Gordon, 1974a: 2.

Comparison. — Distinguished from other North American Chilocorini by combination of

characters: tarsal claws appendiculate; antennae of lO articles each. Specimens of E. aethiops

(Bland) are the only Chilocorini known in the study area with the entire dorsal surface im-

maculate, black.

Description. - Body oval, prominently convex. Color: head black; pronotum mostly black, anterior margins faintly ru-

fescent; elytra black, immaculate, except margins in some specimens brownish-black. Sculpture: microsculpture of pronotum

and elytra finer than in other Chilocorini, punctures shallow and indistinct. TL 2.9 - 4.0 mm; W 2.4 - 3.5 mm.

Distribution. — Western North America, Fig. 121. Recorded from: southern Alberta, Arizona,

Colorado, Idaho, Kansas, Montana, Nebraska, New Mexico, Mexico, western Oregon, southern

Saskatchewan, Utah, Washington, and Wyoming.

Number ofspecimens exatnined. - 16.

Genus Brumoides Chapin

Brumoides Chdcpm, 1965a:237. Type-species: Coccinella suturalis ¥ 1798:78. Designated by Chapin, 1965a:237;

original designation.

Comparison. - Distinguished from other Chilocorini recorded from the study area by: simple

tarsal claws, and antennae each of 8 articles.

Description. - Chilocorini with body oval, moderately convex, upper surface glabrous. Head: antennae each of 8 articles;

maxillary palpus with terminal article securiform
;
labial palpus slender, terminal article cylindrical; Elytra: margins distinctly

explanate and reflexed. Legs: middle and hind tibiae each with prominent spurs; tarsal formula 4-4-4, claws simple. Abdomen:

metacoxal arcs complete. Male genitalia (figured by Chapin, 1965a): basal lobe triangular; lateral lobes approximately twice

longer than basal lobe.

Distribution. — World-wide, genus with nine species included (Chapin, 1965a). In North

America represented by two described species.

Natural history. — Both larvae and adults predaceous on Adelges piceae Ratz., and seem

to be associated with conifers.

Brumoides septentrionis (Weise)

Brurnus septentrionis Weise, 1885:230. Type locality: “Hudson’s Bay.” Type not studied.

Exochomus ovoideus Casey, 1899:107. Type locality: “?Indiana.” Type in USNM. Synonymized by Gordon (1974a).

Exochomus parvicollis Casey, 1908:411. Type locality: “St. George, Utah.” Type in USNM. Synonymized by Gordon

(1974a).
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Comparison. - Some melanic specimens of this polymorphic species closely resemble those

of Exochomus californicus Casey, from which these can be separated by simple tarsal claws

(appendiculate in Exochomus).

Description. - Habitus and maculation as in Fig. 34. Body broadly oval, prominently convex. Color: head black; pronotum

mostly black; elytra orange-yellow, maculate with black spots, elytral margin narrowly pigmented black; each elytron with

two spots, and sutural band expanded at apices; ventral surface and legs brown to black. Abdomen: metacoxal arcs complete.

Tarsal claws simple. TL 3.5 - 4.5 mm; W 2.0 - 2.7 mm.

Variation. - Color and maculation: size of black spots on elytra varied: from indistinct to large and confluent; sutural

band from narrow to wide and confluent with spots. In most extreme case of melanism, spots confluent to cover the elytra

almost entirely, except for humeral margin and subapical spot on each elytron.

Distribution. - Widely ranging in North America, Fig. 125. Recorded from: Alabama, Al-

berta, Arizona, Arkansas, British Columbia, California, Colorado, Idaho, Illinois, Indiana, Man-

itoba, Montana, Nevada, New Mexico, New Jersey, New York, Oregon, Pennsylvania, Saskat-

chewan, Texas, Utah, Washington, and Wyoming.

Number ofspecimens examined. — 175.

Genus Coecidula Kugelann

Coccidula Kugelann, 1798:421. Type-species: Chrysomela scutellata Herbst, 1783:58. Subsequently designated by Crotch,

1874:300. The designation of Demiestes rufus Herbst, 1783:22; by Korschefsky, 1931:81 is invalid.

Strongylus Panzer, 1813:114. Preoccupied.

Cacidula Curtis, 1826. Misspelling.

Cacicula Stephens, 1828:319. Misspelling.

Derivation of name. - Coccidula - a coccid eater; in reference to feeding habits.

Comparison. — Eye facets much larger than in other groups of North American coccinellids;

front coxal cavities open posteriorly.

Description. - Distinguished from other North American Coccinellidae by: Coccidulini of medium size (3.0 mm). Body

elongate, oblong. Color: head black, pronotum and elytra orange yellow, maculation black, antennae and mouthparts orange-

yellow; ventral surface - basisternum black (in some specimens also sternum HI blackish); legs orange-yellow. Vestiture: dor-

sal surface pubescent, ventral surface and legs setose. Sculpture: head and pronotum distinctly punctate, shiny; elytra coarse-

ly punctate, punctures large, unequal and coalescent. Head: eyes relatively small, coarsely faceted; antennae of 11 articles

each, moderately long, clavate; mandibles bifid at apex; maxillary palpus of 3 articles each, ultimate article conical. Thorax:

lateral margin of pronotum narrowly reflexed. Elytra: margins narrowly reflexed; epipleura not foveate. Legs: tarsal formula

4-4-4; claws appendiculate. Abdomen: metacoxal arcs complete, semicircular.

Distribution. — Holarctic Region, genus with five included species. Two species recorded

from North America, and one from Mexico.

Coceidula occidentalis Horn

Coccidula occidentalis Horn; 1895:114. Type locality: None specified. - “Wyoming to Vancouver.” Here restricted to

British Columbia.

Coccidula lepida var. suturalis Weise, 1895:132. Type locality: “Ohio.” NEW SYNONYMY.

Note on nomenclature. - Both names, C. occidentalis Horn and C. suturalis Weise, were

published in the same year (1895). This led some authors to place C. oceidentalis Horn as a

synonym of C. suturalis Weise. But since C. suturalis was proposed only as a subspecific epithet

for a varietal form of C. lepida LeConte, and C occidentalis was fully described and illustra-

ted as a new species, I use Horn’s name for this species.

Comparison. ~ Distinguished from C. lepida by: elytral maculation (discal spot on elytra

joined with scutellar spot), and range in western North America (Fig. 1 26).

Description. - Habitus and maculation as in Fig. 35. Oblong, subdepressed, finely pubescent. Color: dorsum yellowish

red, except head and elytral maculation; ventral surface black, except last three sterna yellow; legs yellow. Sculpture: head

sparsely punctate; pronotum more closely punctate; elytra much more coarsely punctate. TL 3.0 - 3.5 mm; W 1.4 mm.

Distribution. — Widely ranging in northern North America, Fig. 126. Recorded from: Alas-

ka, Alberta, British Columbia, Colorado, Idaho, Illinois, Minnesota, Montana, Northwest
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Territories, Ohio, Saskatchewan, Wisconsin, and Yukon.

Collecting and natural history notes. — Habitat: A number of specimens were obtained by

sifting through forest litter and from pitfall traps.

Number ofspecimens examined. — 57.

Genus Anatis Mulsant

Anatis Mulsant, 1846:133. Type-species: Coccinella ocellata Linnaeus, 1758:366. Original fixation by Mulsant, through

monotypy.

Myzia LeConte, 1852: 130, 132. (In part).

Derivation of name. - From Greek, anatos = harmless, in reference to feeding habits

(beneficial, aphidophagous).

Comparison. — Distinguished from other North American Coccinellini by: large size (TL

6.0-10.8 mm); body broadly oval in outline, markedly convex; tarsal claws each with large

basal plate.

Description. - Habitus and maculation as in Fig. 36, 37, 38. Body short oval, markedly convex to subhemispherical.

Color: head black with two interocular yellowish-white spots; antennae and mouthparts fulvous; pronotum mostly black,

except for white discal mark, varied from species to species; elytra from ivory-white to deep mahogany brown, maculate

with series of black dots, or only margin narrowly black, each elytron with humeral and scutellar spot, and two rows of

three to four spots; ventral surface and legs brown-black, except in A. mail with sterna laterally and tibiae orange-brown.

Vestiture: dorsal surface glabrous, except setose head and apex of elytra; ventral surface and legs setose. Sculpture: head

distinctly punctate, shagreened; pronotum finely punctate, shagreened; elytra punctate, punctation varied. Head: quadrate

in dorsal aspect, bisinuate posteriorly; eyes prominent. Elytra: broadly rounded in outline to almost angulate in middle;

margins narrowly explanate. Legs: normal for Coccinellini, tarsal claws with large basal tooth. Male genitalia (Fig. 172A,

172B, 172C): sipho elongate, arcuate tube; siphonal capsule well developed; lateral lobes shorter or equal in length with

basal lobe, setigerous distally; basal lobe constricted to blunt point at apex; trabes paddle shaped. Female genitalia (Fig.

172D): spermatheca slender, semicircular cyhnder; infundibulum well developed.

Distribution. — Members of this genus are known from throughout the Holarctic region.

In North America, the geographic range extends southward to northernmost Mexico. A. mali

(Say) reaches Cuba.

Systematic studies. - The North American species of this genus have been studied by: Le-

Conte (1852); Casey ( 1 899) ;
McKenzie (1936); Timberlake (1943); Watson (1956).

Key to adults of the species of Anatis from western Canada and Alaska

1 (0) Pronotum mostly black, anterior margin pigmented black. Elytra deep

mahogany brown, immaculate except lateral margins narrowly bordered

black. Western North America, Rocky Mountains

1

'

2

2
'

3

3
'

. A. lecontei Casey, p. 323

Pronotum mostly black, maculate with M-shaped yellowish-white mark,

anterior margin not pigmented black, narrowly yellowish-white. Elytra

maculate with black spots 2

(L) Lateral margin of elytra bordered black, distinctly angulate at 0.66 in dorsal

aspect. Western North America, Pacific seaboard, Columbia Plateau, parts

of Rocky Mountains A. raf/zvonz (LeContej, p. 323

Elytra not distinctly angulate laterally, margin not bordered by narrow

black stripe, reduced to single spot 3

(2') Elytra maculate with black spots. Spots on each elytron ocellate (encir-

cled by yellowish-white ring). Ventral surface and legs uniformly dark

brown. Widely ranging in northern half of North America

A. borealis, n. sp., p. 323

Elytra ivory-yellow, maculate with black spots. Spots not ocellate. Tibiae

and tarsi yellowish-orange, femora dark brown. Eastern half of North America,
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Atlantic seaboard, and Cuba

Anatis lecontei Casey

A. mail (Say).

Anatis lecontei Casey, 1899:98. Type locality: New Mexico, Fort Wingate. Type in USNM.

Anatis rathvoni lecontei: Leng, 1903:208.

Comparison. — Distinguished from other North American Anatis species by immaculate

elytra, except lateral margin narrowly bordered black.

Description. - Habitus and maculation as in Fig. 37. Body ovoid, prominently convex to hemispherical. Color: head

black, frons with two white interocular spots; mouthparts brown to black, antennae light brownish^yellow; pronotum mostly

black, maculate with two yeUow-white stripes, convergent anteriorly (Fig. 37), and two, yellow-white spots at base; elytra

dark mahogany brown, margins narrowly bordered black; ventral surface and legs black. TL 6.0 - 10.2 mm; W 7.5 - 8.7 mm.

Variation. - The white, basal spots on pronotum vary in size, in some specimens greatly reduced or missing. Johnson

(1910:74) noted variability of the two pronotal white spots, and the width of the lateral stripe.

Distribution. — Western North America, Fig. 127. Recorded from: southern Alberta, south-

ern British Columbia, California, Colorado, Idaho, New Mexico, Oregon, Utah, Washington,

and Wyoming.

Collecting and natural history notes. — Habitat: parkland, savannas and coniferous forests.

Number ofspecimens examined. — 126.

Anatis rathvoni (LeConte)

Myzia rathvoni LeConte, 1852:132. Type locality: “Sacramento, California.” Type in MCZ.

Anatis rhatvoni: Malkin, 1943:198. Misspelling.

Comparison. — Specimens of this species are distinguished from other North American

Anatis species by: markedly angulate lateral margin of elytra (Fig. 38); margin pigmented nar-

rowly black, thickened at point of angulation; elytra maculate with black spots (Fig. 38); geo-

graphic range confined to western, coastal North America, Columbia Plateau, and parts of the

Rocky Mountains (Fig. 129).

Description. - Habitus and maculation as in Fig. 38. Body ovoid, prominently convex to subhemispherical. Color: head

black, with two interocular white spots; pronotum mostly black, dark area M-shaped; elytra brown-beige, lateral margin nar-

rowly bordered black; maculate with black spots, in some specimens ocellate; each elytron with 6 spots, arranged in two rows

(Fig. 38). TL 5.5 - 10.5 mm; W 5.0 - 7.0 mm.

Variation. - Johnson (1910:74) noted that elytral maculation is in some specimens very indistinctive, or spots absent.

On the other hand, some specimens show faintly ocellate and very prominent elytral spots. Hatch (1962) reported variation

in less than 3% of 122 specimens examined.

Distribution. — West of the Rocky Mountains, Fig. 1 29. Recorded from: southern Alberta,

southern British Columbia, California, Idaho, Oregon, and Washington.

Collecting and natural history notes. — Habitat: on coniferous trees and shrubs, infested

with Adelges (Chermes) specimens. The only Alberta specimen is from the shore of Waterton

Lake (washup). It is, most probably, a wind-blown stray. British Columbia localities are num-

erous but restricted to the southern portion of the province. Specimens have been collected

from sea level to 2743 m (9,000 ft), on Mt. Eddy in California.

Number of specimens examined. — 131.

Anatis borealis, new species

Anatis ocellata: of North American authors. Not Linnaeus, 1758:366.

Coccinella mali “var. a” Say, 1824:93. Informal designation. Type locality not given. Type lost.

Coccinella labiculata “var. a” Say, 1835:192. Informal designation. Type locality not given. Type lost.

Anatis 15-punctata: Provancher, 1877:696. Misidentification. Not DeGeer, 1775:376.

Anatis borealis, new species. Type locality: Edmonton, Alberta. Holotype: male, labelled - “Holotype (red border, circu-

lar label). CAN. Alberta, Edmonton. 25.VH. 1971. J. Belicek, coll.” Deposited in CNC. Paratypes: six males, labelled - Para-

type (yellow border, circular label). “CAN. Alberta, Edmonton, 25.VII. 1971.” Deposted in USNM, CAS, FMNH, CUNY, UASM.
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Note on nomenclature. — LeConte (1883:232, 192) indicated that both Says’ descriptions

were based on specimens of A. mail, a species restricted to the southeastern half of North

America. Specimens of A. borealis which were in both instances involved, were informally

designated as “var. a”. Earlier, LeConte (1852; 132) included species of the genus Anatis in

the redefined genus Tt/yzza, and regarded this species described by Say (1824, 1835) to be

conspecific with C. 15-punctata DeGeer (= A. ocellata (Linnaeus)). Because Say’s types are

lost, and informal designation of specimens which might have served as types, no previous

name is available for this species.

Derivation of specific epithet. — Named in reference to the geographic range of this species.

Comparison. — Distinguished from other North American Anatis species by: ocellate spots

on elytra, concolorous femora and tibiae, and range in northern half of the North America

(Fig. 128).

Description. - Habitus and maculation as in Fig. 36. Body ovoid, prominently convex. Color: head black, with two

large, white, interocular spots; mouthparts brownish-black, antennae light brownish-yellow; pronotum mostly black, white

maculation pattern as in Fig. 36; each elytron with 9 black, ocellate spots, arranged in three transverse rows (Fig. 36), apices

maculate with small yellowish spots; ventral surface and legs light brown to dark brown, except femora darker at tibial joint.

Male genital armature (Fig. 172A, 172B, 172C), median lobe slender arcuate tube, siphonal capsule well developed; basal

lobe symmetrical, equal in length with lateral lobes. Female genitalia (Fig. 172D): spermatheca slender, arcuate cylinder.

TL 6.0 - 9.0 mm; W 5.5 - 7.0 mm.

Note on relationships. - This species is most closely related to the Palaearctic, A. ocellata,

based on the apomorphic characters (ocellate spots on elytra, concolorous legs) unique to mem-

bers of these two species.

Distribution. — Northern half of North America, Fig. 128. Recorded from; Alaska, Alber-

ta, British Columbia, Idaho, Illinois, Indiana, Kansas, Maine, Manitoba, Michigan, Minnesota,

Montana, New York, North Dakota, Northwest Territories, Ontario, Oregon, Quebec, Sask-

atchewan, South Dakota, Washington, Wisconsin, and Yukon.

Collecting and natural history notes. — Habitat: parkland and forest. Hosts: Chermes pini-

corticis Fitch, on Pinus; Chaitophorus aceris Linnaeus, on Populus norvegica; (Felt, 1906).

Number ofspecimens examined. - 148.

Genus LeConte

Mysia Mulsant, 1846:129. Not Lamarck, 1818.

Myzia Mulsant, 1846:227, (index). Type-species: Coccinella oblongoguttata Linnaeus, 1758:367. Fixed by Mulsant

(1846:129), through monotypy.

Myzia LeConte, 1852:130. Validation of Mulsants’ alternate spelling. If in original publication, a given name has been

spelled in more than one way, the spelling adopted by the first reviser is to be accepted as correct (Article 32b, of the Inter-

national Code of Zoological Nomenclature).

Neomysia Casey, 1899:98. Type-species: Coccinella pullata Say, 1826:301. Here designated. NEW SYNONYMY.
Paramysia Reitter, 1911:136. Unnecessary replacement name. Type species: Coccinella oblongoguttata Linnaeus, 1758:

367, since Article 67(i) of the International Code of Zoological Nomenclature states that replacement names of the genus-

group taxa must have the same type-species as the original one.

Note on synonymy. — C. oblongoguttata and C. pullata are congeneric taxa, based on simi-

larities in size, color, and maculation, which separate members of this genus from other Coccin-

ellini, and on structure of the male genitalia. Thus, Neomysia is a junior synonym of Myzia.

Note on nomenclature. — Myzia LeConte (1852) is a replacement name fox Mysia Mul-

sant, which is a junior homonym of Mysia Lamarck, 1818 (Mollusca). Casey ( 1 899) erected

a new genus, Neomysia, said not to be congeneric with Mulsants’ gQmxs Mysia. In 1924, Casey

changed his opinion and stated that his name Neomysia is a replacement name for preoccupied

Mulsants’ name. However, Reitter (1911) already proposed another name for Mulsant’s taxon,

being unaware of LeConte’s action in 1852. Thus Paramysia Reitter, and Neomysia Casey are

both junior synonyms of Myzia as validated by LeConte ( 1 852).
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Comparison. — Distinguished from other North American Coccinellini by combination of

characters: large size (6.0-10.0 mm); elytral maculation (longitudinal vittae).

Description. - Coccinellini of large size (6.0 - 10.0 mm). Body ovoid, prominently convex to subhemispherical. Color:

head brown-black, frons with interocular pale marks. Pronotum and elytra ochreous-yeUow to beige, maculate with light

brown to black spots and vittae; ventral surface brown to black, except legs in adults of some species light brown to orange-

brown. Sculpture: dorsal surface finely punctate, pohshed, shiny. Head: eyes finely faceted, emarginate; antennae each of

11 articles, moderately long, clavate; mandibles bifid at apex; maxiUary palpus of 3 articles, ultimate article securiform.

Thorax: pronotum trapezoidal, lateral margins rounded, anterior margin recessed above eyes. Elytra: laberal margins narrow-

ly explanate, epipleura not foveate. Legs: normal, tarsal formula 4-4-4, claws appendiculate, distinctly cleft. Abdomen: meta-

coxal arcs incomplete.

Distribution. — Holarctic Region. One species was described from the Palaearctic Region

(M oblongoguttata (Linnaeus)), three from North America, and one from Mexico.

Natural history. - Both adults and larvae are predaceous on aphids and chermids associa-

ted with conifers. They are also found on deciduous trees and shrubs infested with aphids.

Key to adults of the species oiMyzia from western Canada and Alaska

1 (0) Pronotum with distinct black mark 2

Pronotum with obscure, light-brown mark M. horni (Crotch), p. 326

2 ( 1 ) Lateral white margin of pronotum maculate with black spot

M. pullata (Say), p. 325

Lateral white margin of pronotum without black spot

M. subvittata (Mulsant), p. 325

Myzia subvittata (Mulsant)

Mysia subvittata Mulsant, 1850:139. Type locality: “les parties occidentales de I’Amerique du Nord.” Type not studied.

Neomysia oregona Casey, 1924:160. Type locality: “Bull Run, Clackamas Co., Oregon.” Type in USNM.

Comparison. - Specimens of M. subvittata are more convex than similarly maculate, west-

ern specimens of M. pullata. Legs of adults of the latter species are brown-black as compared

to rufo-light brown in M. subvittata. Pronotal black spot in white lateral stripe, characteristic

of M. pullata east of the Rocky Mountains, is reduced or missing in some British Columbia

specimens.

Description. - Habitus and maculation as in Fig. 39. Body ovoid, prominently convex, subhemispherical. Color: head

yellow, vertex with black, triangular mark; mouthparts and antennae light brownish-yeUow; pronotum cream-yellow, pro-

notal maculation distinct, brown-black trapezoidal mark, in some specimens divided medially; elytra cream-yellow, shiny;

maculate with brown-black, three longitudinal vittae on each elytron (Fig. 39); lateral vitta narrow, median interrupted and

joined laterally to sutural vitta, suture narrowly pigmented brown; ventral surface and legs reddish-light brown. TL 7.5 - 8.0

mm; W 5.0 - 5.8 mm.

Variation. - Color: elytral maculation in some western specimens indistinct (Oregon, California).

Distribution. — Western North America, Fig. 130. Recorded from: southern Alberta, south-

ern British Columbia, California, Idaho, Oregon, Utah, and Washington.

Collecting and natural history notes. - Habitat: coastal chaparral communities, parkland.

The two localities (Banff and Waterton) in Alberta from which specimens were seen are re-

cords probably of incidental strays.

Number of specimens examined. — 121.

Myzia pullata (Say)

Coccinella pullata Say, 1826:301. Type locality: None specified. “Eastern coast of Virginia, and Florida.” Type lost.

Coccinella notans Randall, 1838a:49. Type locality: “M,aine.” Synonymized by Mulsant, 1850: 1023.

Neomysia randalli Casey, 1899:99. Type locality: “Lake Superior.” Type in USNM. NEW SYNONYMY.
Neomysia montana Casey, 1899: 100. Type locality: “Colorado.” Type in USNM. NEW SYNONYMY.

Quaest. Ent., 1976 12(4)
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Note on synonymy. — Upon examination of type specimens in Casey’s collection (USNM),

I consider these to be color variants, and conspecific with M. pullata. This conclusion is based

on: structure of the male genital armature among the different color variants in M. pullata

complex; existence of intermediate color variants (maculation) among specimens from vicar-

iant populations.

Comparison. — Specimens of this species can be distinguished from those of other species

in this genus on basis of pronotal maculation. The median trapezoidal mark is extended later-

ally into the white margin of pronotum, in comma-like projection, which in some specimens

may be reduced to a separate dot.

Description. - Habitus and maculation as in Fig. 41. Broadly oval, prominently convex. Color: frons with large, trapezoi-

dal black mark between eyes, separating yellowish-white, interocular spots; labrum brown to black; pronotum with median

trapezoidal mark, in some specimens medially divided; other maculation as given in comparison above; elytra from ochreous

to brown, maculate or not, in maculate specimens, maculation varied, of 3 interrupted or variously confluent longitudinal

vittae on each elytron; ventral surface and legs brown to black. TL 6.4 - 7.2 mm; W 4.9 - 5.5 mm.

Variation. - Maculation of pronotum and elytra varied in extent and intensity. Generally, more melanic specimens with

brown-black vittae were recorded from northern regions or from higher elevations.

Distribution. — Widely ranging in North America east of Rocky Mountains and Sierra Nev-

ada Mountains, Fig. 132. Recorded from: Alberta, Illinois, Indiana, Iowa, Kansas, Labrador,

Manitoba, Michigan, Minnesota, Missouri, New Brunswick, New Jersey, New York, Ohio,

Ontario, Pennsylvania, Quebec, Saskatchewan, Tennessee, Texas, Wisconsin, and Yukon.

Collecting and natural history notes. — Habitat: coniferous trees and shrubs, infested with

aphids and scale insects {Lecanium species). Often, after sudden storms, a large number of

specimens can be obtained from wash-up debris on shores of larger lakes.

Number ofspecimens examined. — 156.

Myzia horni (Crotch)

Mysia hornii Crotch, 1873:375. Type locality: “Oregon.” Type not studied.

Neomysia interrupta Casey, 1899:99. Type locality: “Fort Wingate, New Mexico.” Type in USNM. NEW SYNONYMY.

Comparison. — Specimens of this species are distinguished from those of other species in

this genus by: indistinct pronotal maculation; elytral maculation - inner discal vitta extended

posteriorly and joined to median vitta; distribution range in western North America (Fig. 131).

Description. - Habitus and maculation as in Fig. 40. Large sized Coccinellini; body ovoid, prominently convex, subhem-

ispherical. Color: head yellow, pronotum ochreous-yellow, maculate with light brown, indistinct, M-shaped mark; elytra

ochreous-yeUow, maculate with light brown vittae; each elytron with three longitudinal vittae, convergent posteriorly, mar-

ginal two interrupted at basal 0.20, suture and margin narrowly pigmented brown; ventral surface and legs reddish-light

brown. TL 6.7 - 8.0 mm; W 5.4 - 6.0 mm.

Variation. - Maculation variously distinct.

Distribution. — Western North America, Fig. 131. Recorded from: Alberta, Arizona, Bri-

tish Columbia, Idaho, Montana, Nebraska, New Mexico, Oregon, Texas, Washington.

Collecting and natural history notes. - Habitat: coniferous parkland and forest. Records

from British Columbia are numerous, particularly from the southern portion of the province.

The only Alberta record is from Medicine Hat, and this is most likely an imported specimen,

or wind-blown stray.

Number of specimens examined. — 137.

Genus Calvia Mulsant

Calvia Mulsant, 1846:140. Type-species: Coccinella decemguttata Linnaeus, 1767:583. Subsequently designated by Crotch,

1874: 143. The designation of Coccinella quattuordecimguttata Linnaeus, 1758:367; by Korschefsky (1932:520) is invalid.

Anisocalvia Crotch, 1873:364, 373. Type-species: Coccinella quattuordecimguttata Linnaeus, 1758:367. Subsequently

designated by Crotch, 1874:143. NEW STATUS.
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Comparison. — Distinguished from other North American Coccinellini by absence of iso-

diametric meshes between punctures on pronotum (Fig. 81).

Description. - Coccinellini of medium size (TL 4.0 - 6.0 mm). Body oval, prominently convex. Color: varied, macula-

tion pattern as in Fig. 42a, 42b; polymorphic species. Head: eyes emarginate, finely faceted; antennae each of 1 1 articles,

moderately long, clavate, scape enlarged; mandibles bifid at apex; maxillary palpus securiform. Thorax: pronotum recessed

above eyes, slightly explanate laterally. Elytra: margins narrowly reflexed; epipleura not foveate. Abdomen: with 6 visible

sterna. Metacoxal arcs incomplete. Tarsal claws appendiculate.

Distribution. — Holarctic region.

Natural history. — Both larvae and adults are predaceous on aphids, scale insects and other

soft bodied insects.

Calvia quattuordecimguttata (Linnaeus)

Coccinella 14-guttata Linnaeus, 1758:367. Type locality: Lappland. Type in BMNH, not studied.

Coccinella duodecimmaculata Gebler, 1832:76. Type locality: “Siberia”. Type not studied. Synonymized by Crotch,

1874:33.

Coccinella incarnata Kirby, 1837:231. Type locality: “60°N.” Type not studied. Synonymized by Casey, 1899.

Coccinella cardisce Randall, 1838a:32. Type locality: “Maine.” Type lost. Synonymized by Casey, 1899:96.

Coccinella obliqua Randall, 1838a:33. J'ype locality: “Maine.” Type lost. Synonymized by Casey, 1899:96.

Coccinella similis Randall, 1838b:50. Type locality: “Massachusetts.” Type lost. Synonymized by Casey, 1899:96.

Anisocalvia victoriana Casey, 1899:96. Type locality: British Columbia. Type in USNM. NEW SYNONYMY.
Anisocalvia elliptica Casey, 1899:97. Type locality: “Hudson Bay.” Type in USNM. NEW SYNONYMY.
Agrabia sicardi Nunenmacher, 1912:448. Type locality: “Hornbrook, Siskiyou Co., California.” Type in CAS. Synonymized

by Gordon, 1974.

Anisocalvia lacustris Casey, 1924: 158. Type locality: “Marquette, Michigan.” Type in USNM. NEW SYNONYMY.
Anisocalvia bicordifera Casey, 1924: 159. Type locality: “Lake George, New York.” Type in USNM. NEW SYNONYMY.
Anisocalvia vancouveri Casey, 1924:159. Type locality: “British Columbia.” Type in USNM. NEW SYNONYMY.
Anisocalvia quadrisignata Casey, 1924:159. Type locality: “Marquette, Lake Superior.” Type in USNM. NEW SYNONYMY.
Anisocalvia postplagiata Casey, 1924:159. Type locality: “Marquette, Lake Superior.” Type in USNM. NEW SYNONYMY.
Anisocalvia uniformis Casey, 1924:160. Type locality: “Adirondack Mts., New York.” Type in USNM. NEW SYNONYMY.

Note on synonymy. - Upon examination of type specimens in Casey’s collection (USNM),

I consider these to be color, polymorphic variants of, and conspecific with C. quattuordecimgu-

ttata. This conclusion is based on: structure of male genitalia among the different morphs of

this complex; field observations of actual mating of individuals with different color patterns,

and from analyses of color and patterns in more than 1,000 individuals'from many localities

throughout the range of this species. These analyses confirmed the existence of intermediates

between seemingly distinct color morphs, and also it was established that the difference in

background color, and superimposed pattern results in an optical illusion which tends to am-

plify the discontinuity between various morphs.

Comparison. — Specimens of this species are distinguishable from all other North American

Coccinellini by reduced microsculpture oTpronotum (Fig. 81), which as viewed under light

microscope (50x) appears as smooth, shiny surface without any obvious reticulation.

Description. - Habitus and maculation as in Fig. 42. Body broadly oval, prominently convex. Color: varied, polymor-

phic species; head black, mouthparts and antennae pale yellow; pronotum and elytra from yellow to black, or pinkish-red,

maculate with black spots; pattern, Fig. 42a, 42b; ventral surface from yellow to brown. Vestiture: dorsal surface glabrous,

except setose head; ventral surface and legs setose. Sculpture: head finely punctate; pronotum shiny, without isodiametric

meshes between punctures (Fig. 81); elytra coarsely and distinctly punctate, punctures unequal. Thorax: pronotum with

front and lateral margins beaded; elytral margin narrowly beaded. Legs: tarsal formula 4-4-4, claws appendiculate with pro-

minent basal tooth. TL 4.0 - 5.5 mm; W 3.2 - 4.3 mm.
Variation. - Polymorphic species, color and maculation (Fig. 42a, 42b) varied from light brownish-yellow to black.

Distribution. - Holarctic Region, widely ranging in North America, Fig. 133. Recorded

from: Alaska, Alberta, British Columbia, northern California, Connecticut (Britton, 1915),

Idaho, Illinois, Labrador, Maine, Manitoba, Massachusetts, Michigan, Minnesota, Montana,

Nova Scotia, Newfoundland, New Hampshire, New Jersey, New York, North Dakota, North-

west Territories, Ontario, Oregon, Pennsylvania, Quebec, Saskatchewan, Utah, Washington,

Quaest. Ent., 1976 12(4)
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and Yukon.

Collecting and natural history notes. — Habitat: subarctic tundra, boreal forest, taiga, park-

land. Arboricole on Acer negimdo, Betula occidentalis, B. papyrifera, Populus trichocarpa,

Salix spp., Corylus sp., Larix laricina, Picea glaiica, P. mariana, Abies lasiocarpa. Occasional-

ly found in fields on Medicago sativa, and other plants infested with aphids. Taken from speci-

men labels (22 individuals): “On hazel infested with aphids, mites, and Lecanium species. Cre-

ston, British Columbia.”

Number ofspecimens examined. — 1650.

Genus Adalia Mulsant

Adalia Mulsant, 1850:49. Replacement name for Idalia Mulsant, 1846:44. Not Hubner, 1819. Type-species: Coccinella

bipunctata Linnaeus, 1758:364. Subsequently designated by Crotch, 1874:99.

Derivation of name. — From Greek, adales = harmless; in reference to feeding habits (bene-

ficial, aphidophagous).

Comparison. — Distinguished from other North American Coccinellini by: pronotum macu-

late with M-shaped dark mark which delimits two white spots inside this mark (Fig. 43). The

white spots at the base of pronotum distinguish Adalia specimens from immaculate Cycloneda

specimens (Fig. 45), with exception of melanic morphs (Fig. 43A), which are easily recognized

by predominantly black pigmentation. Polymorphism in Cycloneda species is not known.

Description. - Coccinellini of medium size (TL 4.0 - 5.0 mm). Body oval, convex. Color: head black, frons with two

yellowish-white, interoculax spots; pronotum mostly black, maculation M-shaped, lateral margins whitish-yellow; elytra red-

orange, maculate with black spots, polymorphic; ventral surface and legs black. Head: eyes relatively large, finely faceted,

narrowly ernarginate; antennae each of 11 articles, moderately long, clavate; mandibles bifid at apex; maxillary palpus of 3

articles each, ultimate article securiform. Thorax: pronotum trapezoidal, recessed above eyes. Sculpture: dorsal surface un-

equally punctate, shiny. Metacoxal arcs complete, semicircular. Legs: tarsal formula 4-4-4, claws appendiculate.

Distribution. — World wide, introduced to many areas, e.g.. New Zealand, Australia.

Natural history. — Both larvae and adults are aphidophagous. Life history was described

by Palmer (1914).

Adalia bipunctata (Linnaeus)

Coccinella bipunctata Linnaeus, 1758:364. Type locality: “Europa.” Type in BMNH, not studied.

Coccinella frigida (Schneider), 1792: 172. Type locality: ?northern Europe. Type not studied. Synonymized by Leng,

1903:195.

Coccinella bioculata Say, 1824:94. Type locality: “United States.” Type lost. Synonymized by Crotch, 1874:102.

Coccinella humeralis Say, 1824:95. Type locality: “Arkansa.” Type lost. Synonymized by Crotch, 1874:102.

Coccinella disjuncta Randall, 1838a: 33. Type locality: “Maine.” Type lost. Casey (1899:87) indicated the possibility of

conspecifity with C. frigida. Synonymized by Leng, 1903:195.

Coccinella melanopleura LeConte, 1860:286. Type locality: “California.” Type not studied.

Adalia ophthalmica Mulsant, 1850:56. Type locality: “f Amerique du Nord.” Type not studied. Synonymized by Leng,

1903:195.

Coccinella annectans Crotch, 1873:371. Type locality: “Colorado.” Synonymized by Palmer, 1911:299.

Adalia ovipennis Casey, 1899:86. Type locality: “Sonoma Co., California.” Type in USNM. Synonymized by Lusis, 1947a,

1961).

Adalia transversalis Casey, 1899:86. Type locality: “Las Vegas, New Mexico.” Type in USNM. Synonymized by Lusis,

1947a, 1961).

Adalia ornatella Casey, 1899:86. Type locality: “Colorado.” Type in USNM. Synonymized by Leng, 1903:195.

Adalia coloradensis Casey, 1908:401. Type locality: “Boulder Co., Colorado.” Type in USNM. Synonymized by Palmer,

1911:299.

Comparison. — Distinguished from similar Cycloneda species by combination of characters:

metacoxal arcs complete (incomplete in Cycloneda); maculation of pronotum (Fig. 43, 43a,

43b); details of male genital armature.

Description. - Habitus and maculation as in Fig. 43. Body short oval, prominently convex. Color: head black with two



Coccinellidae of Western Canada and Alaska 329

whitish-yellow, interoculai spots; mouthparts and antennae light brown; pronotum whitish-yellow, maculation elytra orange-

yellow, maculate with black spots, polymorphic. Sculpture: dorsal surface distinctly punctate, polished; punctures of elytra

large, unequal. Elytra: margins narrowly reflexed, beaded. Abdomen: metacoxal arcs complete. TL 4.0 - 5.0 mm; W 3.0 -

3.9 mm. Larval stages described by Gage (1920:41). and Emden (1949:275).

Variation. - Color and pattern: polymorphic species, for further details see Lusis (1932, 1947a, 1947b, 1961).

Distribution. - Holarctic Region. Introduced to Australia and New Zealand, in North Am-
erica widely distributed (Fig. 134). Recorded from most Canadian provinces and from most

states in the United States.

Collecting and natural history notes. - Habitat: parkland and forests.

Number ofspecimens examined. — 560.

Genus Olla Casey

Olla Casey, 1899:84, 93. Type-species: Coccinella abdominalis Say, 1824:95. Not Thunberg, 1794:viii. Subsequently

designated by Korschefsky, 1932:288.

Comparison. - Distinguished from other North American Coccinellini by: general habitus

and polymorphic maculation (Fig. 44); male genital armature with basal lobe bifurcate (Chapin,

1965; 220).

Description. - Body broadly oval, prominently convex. Head: antennae each of 11 articles moderately long; terminal

article of maxillary palpus securiform, that of labial palpus cylindrical. Abdomen with six visible sterna. Metacoxal arc incom-

plete; Legs: tibial spurs present; tarsal formula 4-4-4, claws with quadrate basal tooth. Male genital armature with basal lobe

symmetrical, bifurcate apically. Female genitalia: Infundibulum absent.

Distribution. — Panamerican genus, introduced to Guam. In North America represented

by a single species.

Natural history. — Predaceous both as larvae and adults, aphidophagous. Life cycle descri-

bed by Palmer, 1911.

Olla v-nigrum (Mulsant)

Coccinella abdominalis Say, 1824:95. Not Thunberg, 1794. Type locality: “Arkansa.” Type lost.

Daulis v-nigrum Mulsant, 1866:64. Type locality: TUnited States. Synonymized by Timberlake, 1943:24.

Cycloneda sayi Crotch, 1871:6. Unnecessary replacement name for C. abdominalis Say, 1824. Preoccupied.

Olla plagiata Casey, 1899:94. Type locality: “None specified.” Type in USNM. NEW SYNONYMY.
Olla sobrina Casey, 1899:94. Type locality: “Florida.” Type in USNM. NEW SYNONYMY.
Olla minuta Casey, 1908:406. Type locality: “Texas (Brownsville).” Type in USNM. NEW SYNONYMY.
Olla fenestralis Casey, 1899:95. Type locality: “Las Vegas, New Mexico.” Type in USNM. NEW SYNONYMY.
Olla abdominalis arizonae Casey, 1924:158. Type locality: “Arizona (near Tuscon).” Type in USNM. NEW SYNONYMY.

Note on synonymy. — Upon examination of type specimens in Casey’s collection (USNM),

I consider these to be polymorphic variants of and conspecific with O. v-nigrum. This con-

clusion is based on: structure of male genital armature among different color variants of this

polymorphic species; existence of intermediates between seemingly distinct color morphs.

Comparison. — This is the only species of this genus known from the study area.

Description. - Habitus and maculation as in Fig. 44. Body broadly oval, markedly convex. Color: polymorphic species;

melanic specimens mostly black dorsaUy, except yellow border of pronotum laterally, and orange-red, elongate spots in

anterior half of each elytron; ventral surface and legs brown to black, except brown tarsi; non-melanic specimens mostly

whitish-yellow dorsaUy, maculate with brown-black spots, pattern as in Fig. 44; ventral side and legs brownish-yeUow, except

metaepimera, metepistema whitish-yellow. Vestiture: normal for genus. Sculpture: head, pronotum, and elytra finely, evenly

punctate, shagreened. TL 4.2 - 4.9 mm; W 3.5 - 4.2 mm.

Variation. - Color and pigmentation: polymorphic species. O. plagiata was described based on mostly black, melanic

specimens.

Distribution. - Widely ranging, transcontinental in North America, Mexico and Middle

America, Fig. 135. Recorded from: Alabama, Arizona, Arkansas, southern British Columbia,
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California, Colorado, Connecticut, District of Columbia, Florida, Georgia, Idaho, Illinois,

Indiana, Iowa, Kansas, Kentucky, Louisiana, Maryland, Massachusetts, Michigan, Minnesota,

Mississippi, Missouri, Nebraska, New Mexico, North Carolina, Ohio, Oklahoma, Oregon, South

Carolina, Tennessee, Texas, Utah, Virginia, Washington, and West Virginia. Within the study

area, recorded only from southern British Columbia (Summerland). McMullen (1975) pers. comm.

Number ofspecimens examined. — 65.

Genus Cycloneda Crotch

Cycloneda Crotch, 1871:6. New name iox Daulis Mulsant, 1850:295. Not Erichson, 1842. Type-species: Coccinella san-

guinea Linnaeus, 1763:11. Subsequently designated by Crotch, 1874:162.

Note. - Timberlake (1943:23) suggested that the genus Cycloneda is an arbitrary assemblage

of species, and the proper use of this name should be restricted to C. sanguinea and related spe-

cies (characteristically with immaculate elytra). Many species presently referred to Cycloneda

will have to be transferred to Neda, and other taxa.

Comparison. — Distinguished from other North American Coccinellini by combination of

characters; immaculate, orange-red elytra; incomplete metacoxal arcs; maculation of prono-

tum (Fig. 45).

Description. - Coccinellini of medium size (3.5 - 7.0 mm). Body short oval, prominently convex. Color: head black, ex-

cept frons with two large interocular yeUowish-white spots; pronotum rnostly black, except narrowly white lateral margins;

elytra orange-red to red, immaculate; ventral surface and legs black to light brownish-yellow. Head: eyes relatively large,

finely faceted, emarginate; antennae each of 11 articles, moderately long, clavate; mandibles bifid at apex; maxillary palpus

of 3 articles, ultimate article securiform; pronotum trapezoidal, recessed above eyes. Elytra: margins narrowly reflexed. Ab-

domen: metacoxal arcs incomplete, subparallel with sternal margin. Legs: tarsal formula 4-4-4; claws appendiculate.

Distribution. — Western Hemisphere. Genus with more than 10 species included (Mader,

1958). Only three species are recorded from North America, C sanguinea, C. munda, and C.

polita.

Natural history. — Both larvae and adults are predaceous on aphids and scale insects. Life

history of C. polita Casey was described by Palmer (1914).

Cycloneda polita Casey

Cycloneda polita Casey, 1899:93. Type locality: None specified. “Cahfornia, Washington State, British Columbia, and

Idaho.”

Cycloneda polita flava Timberlake, 1943:24. Type locality: “Alameda, California.” Type not studied.

Description. — Habitus and maculation as in Fig. 45. Body short oval, prominently convex. Color: head black with two

whitish-yellow interocular spots; mouthparts and antennae light brownish-yeUow; pronotum mostly black, maculate whitish-

yellow; elytra orange-red, immaculate; Elytra: margins narrowly reflexed, beaded, epipleura not foveate. Legs: normal, tarsal

claws appendiculate, with large basal quadrate tooth. Abdomen: metacoxal arcs incomplete, subparallel with sternal margin.

TL 4.0 -4.5 mm; W 3.5 mm.

Variation. - Color: from orange-brown or beige to deep red (85% of specimens examined).

Distribution. — Western North America, Fig. 136. Recorded from: southern Alberta, south-

ern British Columbia, California, Idaho, Oregon, and Washington.

Collecting and natural history notes. - Habitat: cultivated fields (alfalfa), parkland, coni-

ferous forest.

Number ofspecimens examined. — 16.

Genus Coccinella Linnaeus

Coccinella Linnaeus, 1758:364. Type-species: Coccinella septempunctata Linnaeus, 1758:365. Subsequently designated

by Crotch, 1874: 105. The designation of Coccinella marginata Fabricius, 1801 by Hope (1840:29) is invalid.

Coccionella Voet, 1806. Misspelling.
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Spilota Bilberg, 1820:61. Type-species: Coccinella undecimpunctata Linnaeus, 1758:366. Subsequently designated by

Timberlake, 1919:163. NEW SYNONYMY.

Note on synonymy. ~ C. septempunctata and C. undecimpunctata are in my opinion con-

generic taxa. This is based on possession of shared characters (male genital armature, structure

of female genitalia, as well as general body structure and color pattern, especially of pronotum

and elytra) by adults of these two species. Thus, Spilota is a junior synonym of Coccinella.

Derivation of name. — From Latin, coccineus, coccinus = scarlet-colored; named in referen-

ce to elytral color.

Comparison. — Distinguished from other North American Coccinellini by combination of

characters: pronotum mostly black, except yellowish-white anterior angles; orange-red color

of elytra; details of male genital armature (figured by Dobzhansky, 1931); female genitalia

(infundibulum present).

Description. - Medium to large Coccinellini (4.0 - 7.0 mm). Body broadly oval, moderately to prominently convex. Color:

head black with two yellowish-white interocular spots, or transverse yellowish-white band; antennae and mouthparts brown

to black; bases of mandibles in some species white; pronotum mostly black, maculate with trapezoidal or triangular white

mark at anterior angles; front margin narrowly bordered white in some species; elytra yellow to orange-red, maculate or not,

if maculate, pattern basically six spots on each elytron (Fig. 48); in some species spots either absent or confluent; ventral

surface black, except episterna, epimera and metasternum white. Vestiture: dorsal surface glabrous, except setose head; ven-

tral surface and legs setose. Sculpture: head and pronotum distinctly punctate, shagreened (Fig. 79); elytra unequally punc-

tate, shiny. Thorax: prosternum with two carinae, convergent anteriorly. Elytra: margins narrowly reflexed; epipleura not

foveate. Legs: tibiae each with two prominent spurs at distal end; tarsal formula 4-4-4; claws with prominent tooth at base.

Abdomen: metacoxal arcs divided into two branches, first subparallel with sternal margin, second recurved antero-laterally.

Male genitalia (figured by Dobzhansky, 1931:3, 5): sipho arcuate, siphonal capsule well developed in most species, rudimen-

tary in C. undecimpunctata and C. fulgida \ basal lobe is shape species-specific (figured by Brown, 1962:795); lateral lobes

each shorter or equal in length with basal lobe, setigerous distally. Female genitaha: (figured by Dobzhansky, 1931: 12);

spermatheca sclerotized, arcuate cylinder; accessory gland large; infundibulum well developed;

Distribution. ~ Holarctic Region, with 1 1 species described for North America, 10 for the

Palaearctic region. Center of diversity seems to be in northwestern North America. The fol-

lowing five species are common to the Holarctic Region: C transversoguttata, C. monticola,

C. trifasciata, C. hieroglyphica, C. undecimpunctata. In North America, the number of spe-

cies markedly decreases southward. From Mexico only four species are recorded: C novem-

notata, C. californica, C. monticola, and C. nugatoria (Brown, 1967). In southern latitudes

this genus is replaced by species of Cycloneda Crotch.

Natural history. — Immature stages for most North American species were described by

Palmer (1914), with some notes on larval habits. Both larvae and adults are predaceous on

Aphidae. For additional references see Hodek (1966, 1973).

Systematic studies. — The North American species of this genus have been studied by

Casey ( 1 899), Leng ( 1 903), Dobzhansky (1931), and Brown (1962, 1967). Dobzhansky (1925a

and b, 1926a) redefined this genus as it is understood today.

Key to adults of the species of Coccinella from western Canada and Alaska

1 (0) Interocular area pale yellow; anterior margin of pronotum above eyes

pale yellow 2

1' Interocular area with two pale spots; anterior margin of pronotum

above eyes black 3

2 (1) Body length ca. 5.0 mm; elytral suture not pigmented black

C trifasciata L., p. 336

2' Body length ca. 7.0 mm; elytral suture narrowly pigmented black

C. novemnotata Herbst, p. 334

3 (C) Elytral suture narrowly pigmented black 4

3' Elytral suture not pigmented black 6

4 (3) Pronotum with anterior angles rounded, yellowish-white mark large, extended

medially C. prolongata Cr., p. 337
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4'

5

5'

6

6
'

1

1
'

8

8
'

9

9'

Pronotal anterior angles acute, yellowish-white mark small, not extended

medially 5

(4') Body length ca. 5.0 mm; alpine zone of Rocky Mountains

C alta Brown, p. 332

Body length ca. 7.0 mm; Pacific coast C. californica Mann., p. 336

(3') Each elytron maculate in addition to scutellar spot or transverse band with

one/two transverse discal spots/bands, and subapical spot 7

Each elytron maculate in addition to scutellar spot with five separate spots

Pacific coast C. undecimpunctata L., p. 335

(8) Each elytron maculate with two post-scutellar spots/bands 8

Each elytron maculate with single, relatively large, subapical spot; scutellar

band uniquely tricuspate (Fig. 58) C. hieroglyphica L., p. 334

(7) Each elytron maculate with prominent round scutellar spot, prominent

transverse discal band extended obliquely almost from suture to lateral

margin, and round/oval subapical spot 9

Each elytron maculate with distinct scutellar transverse band (Fig. 50), rela-

tively short transverse discal dash, not extended over 0.50 width of elytron,

and relatively small subapical spot C. transversoguttata, Paid., p. 333

(8) Size - TL 5. 2-7. 2 mm. Each elytron prominently maculate with round

discal spot, oblique transverse discal spot extended nearly from suture to

lateral margin C. monticola Muls., p. 333

Size - TL 4. 5-5.0 mm. Each elytron maculate with round scutellar spot,

small sublateral spot at 0.40 joined with transverse median spot to form

relatively narrow oblique band, and relatively small subapical spot. Arctic,

subarctic North America C. Watson, p. 335

Coccinella alta Brown

Coccinella suturalis Casey, 1899:89. Not Olivier, 1791. Type locality: “Colorado.” NEW SYNONYMY.
Coccinella alta Brown, 1962:798. Type locality: “Alta, Salt Lake Co., Utah.” Holotype in USNM. Paratypes: 2 in CNC,

No. 7782.

Note on synonymy. — C suturalis was described from a female specimen. The name is a

primary junior homonym, thus not available. Brown (1962) when describing C. alta as new

species indicated, but was doubtful about the above synonymy. I consider C. suturalis Casey

conspecific with C. alta Brown, based on a variety of shared characteristics, especially narrow-

ly pigmented suture of elytra.

Comparison. — Some specimens of this species resemble small specimens of C. monticola

from which they can be distinguished by narrowly pigmented, black elytral suture.

Description. - Habitus and maculation as in Fig. 46. Color: head black, with two weU separated, interocular white spots;

pronotum mostly black, except anterior angles maculate with yellowish-white spots, anterior margin pigmented black at

middle; elytra reddish-orange, maculate with black spots; each elytron with oblique submedian spot and transversely oval

apical spot; sutural margin narrowly pigmented black; ventral surface and legs black, except mesepimera white. Male genital-

ia (figured by Brown, 1962): basal lobe gradually but distinctly narrowed, longer than lateral lobes. TL 4.8 - 5.3 mm; W 3.2 -

4.0 mm.

Distribution. — Western North America, Fig. 137. Recorded from: mountains of Alberta,

British Columbia, California, Colorado, Idaho, Montana, Utah, and Wyoming.

Collecting and natural history notes. ~ Habitat: alpine and subalpine tundra; specimens col-

lected from elevations 4,000 to 1 1 ,000 ft ( 1 ,350 to 3,500 m).

Number ofspecimens examined. - 23.
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Coccinella monticola Mulsant

Coccinella monticola Mulsant, 1850:115. Type locality: “Rocky Mountains.” Type not studied.

Coccinella lacustris LeConte, 1852: 131. Type locality: “Lake Superior.” Synonymized by Dobzhansky, 1931: 14.

Coccinella nevadica Casey, 1899:88. Type locality: “Reno, Nevada.” Synonymized by Leng, 1903:201.

Coccinella alutacea Casey, 1899:89. Type locality: “New Mexico.” Type in USNM. Synonymized by Dobzhansky, 1931:

17.

Coccinella impressa Casey, 1899:89. Type locality “California.” Type in USNM. Synonymized by Dobzhansky, 1931:17.

Coccinella nivicola monticola: Dobzhansky, 1931:17. Misidentification.

Coccinella transversoguttata alutacea: Leng, 1903:200. Misidentification.

Coccinella monticola alutacea: Johnson, 1910:63.

Coccinella monticola sellica Johnson, 1910:63. Type locality: Not specified. “California and New Hampshire.”

Coccinella monticola postica Johnson, 1910:63. Not Coccinella postica Mulsant, 1850. Type locality: “California.”

Synonymized by Brown, 1962:802.

Coccinella monticola confluenta Johnson, 1910:63. Type locality: “California.” Synonymized by Brown, 1962:802.

Coccinella monticola biguttata Johnson, 1910:63. Not C biguttata Fabricius, 1787. Type locality: “Buena Vista, Color-

ado.” Synonymized by Brown, 1962:802.

Comparison. — Distinguished from other North American Coccinella species by combina-

tion of characters: large size (TL 5. 2-7. 2 mm); elytral maculation (similar to that of C. alia

Fig. 46); details of male genital armature (figured by Brown, 1962:795).

Description. - Habitus and maculation similar as in C. alta, but specimens are much larger (Fig. 46). Color: head black,

with two small, well separated, interocular spots; pronotum mostly black, except anterior angles maculate with yellowish-

white, trapezoidal spots; anterior margin pigmented black at middle; elytra reddish-orange, maculate with black spots; each

elytron with prominent, oblique spot near middle and transverse apical spot; elytral suture not pigmented. Male genitalia

(figured by Brown, 1962:795): median lobe gradually tapered to point; apical portion broader than in C. alta, lateral lobes

shorter than median lobe. TL 5.2 - 7.2 mm; W 4.2 - 5.2 mm.

Variation. - Variation in elytral maculation is probably clinal. Specimens from southwestern areas have the elytral spots

reduced (California, Oregon), or missing entirely (Nevada).

Distribution. - Widely ranging in North America, Fig. 138. Recorded from: Alaska, Alber-

ta, Arizona, British Columbia, California, Colorado, Idaho, Kansas, Maine, Manitoba, Michi-

gan, Minnesota, Montana, Nevada, New Brunswick, New Hampshire, New Mexico, New York,

Nova Scotia, Ontario, Oregon, Pennsylvania, Quebec, Saskatchewan, South Dakota, Utah,

Washington, Wisconsin, and Wyoming.

Collecting and natural history notes. — Habitat: parkland, mixed and coniferous forests.

Number ofspecimens examined. — 68.

Coecinella transversoguttata Falderman

Coccinella transversoguttata Falderman, 1835:454. Type locality: “Siberia.” Type not studied.

Coccinella quinque-notata Kirby, 1837:230. Not Haworth, 1812. Type locality: “54°”, Cumberland House, Saskatchewan.

Synonymized by Dobzhansky, 1931:14, 15.

Coccinella ephippiata Zetterstedt, 1838:235. Type locality: “Greenland.” Type not studied.

Coccinella transversalis Mulsant, 1850:117. (in part). Synonymized by Dobzhansky, 1931:14. Type not studied.

Coccinella 5-notata: Fitch, 1862:849. Unjustified emendation.

Coccinella transversoguttata richardsoni Brov/n, 1962’: 790.

Comparison. — Distinguished from other North American Coccinella species by combina-

tion of characters: size (TL 5.0-7. 5 mm); general habitus and maculation (Fig. 50); and tran-

scontinental distribution in temperate North America (Fig. 139).

Description. - Habitus and maculation as in Fig. 50. Color: head black, with two well separated, interocular white spots;

pronotum mostly black, except anterior angles maculate with yeUowish-white, trapezoidal spots, and anterior margin pig-

mented black at middle; elytra reddish-orange, maculate with black spots; sub-basal band composed or coalescent humeral

and scutellar spots, in some specimens reduced to scuteUax spot only; each elytron with median and subapical transverse

spot, infrequently with small sublateral spot at basal 0.40; ventral surface and legs black, except mesepimera white, mete-

pimera pale to black. Male genitalia (figured by Brown, 1962:795): apical portion of basal lobe hastate, extended well be-

yond apices of lateral lobes. TL 5.0 - 7.5 mm; W 4.5 - 5.8 mm.

Distribution. — Holarctic Region. Widely ranging in North America, Fig. 139. Recorded
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from most Canadian provinces and states of United.States.

Collecting and natural history notes. - Habitat: parkland, mixed and coniferous forests.

Hosts: Homoptera - Cinara brevispinosa (G.&P.) on Pinus; Acyrthosiphon pisum (Harris)

on Trifolium; Brachyacaudus cardui on Cirsium; Chaitophorus populicola Thomas on Populus

balsamifera; Aphis species complex, on Epilobium canadensis; psyllid nymphs on Alnus.

Number ofspecimens examined. — 850.

Coccinella hieroglyphica Linnaeus

Coccinella hieroglyphica Linnaeus, 1758:365. Type locality: “Suecia.” Type not studied.

Coccinella tricuspis Kirby, 1837:231. Not Thunberg, 1795. Type locality: None given. Type probably in BMNH. Synony-

mized by Dobzhansky, 1926:20.

Coccinella mannerheimi Mulsant, 1850:106. Type locality: “Siberia.” Type not studied. Synonymized by Dobzhansky,

1926:21.

Coccinella kirbyi Crotch, 1874:37. Unnecessary replacement name for C. tricuspis Kirby, 1837:231.

Coccinella humboldtiensis Nunenmacher, 1912:448. Type locality: “Crescent City, Del Norte Co., California.” Type in

CAS. Synonymized by Dobzhansky, 1931:27.

Comparison. - Distinguished from other North American Coccinella species by combina-

tion of characters: size (TL 3.7-4. 7 mm); general habitus and maculation (Fig. 58); transcon-

tinental range in western North America (Fig. 140).

Description. - Habitus and maculation as in Fig. 58. Color: head black, with two well separated, interocular white spots;

pronotum mostly black, with anterior margin pale at middle, in some specimens this pale band very narrowly interrupted by

median stripe; elytra reddish-orange, maculate with black spots; tricuspate sub-basal band prominent and with large, trans-

verse spot at apical 0.25; elytral suture not pigmented; mesepimera brown; meteprmera black. Male genitalia (figured by Dob-

zhansky, 1931): basal lobe elongate, triangular in dorsal aspect, apex bluntly pointed; lateral lobes equal in length to basal

lobe. TL 3.7 - 4.7 mm; W 4.0 mm.

Distribution. — Holarctic Region. Widely ranging in temperate North America, Fig. 140.

Recorded from: Alaska, Alberta, British Columbia, California, Idaho, Manitoba, Michigan,

Minnesota, Montana, North Dakota, Northwest Territories, Ontario, Oregon, Quebec, Saskat-

chewan, South Dakota, Washington, and Yukon.

Collecting and natural history notes. — Habitat: parkland and mixed and coniferous for-

ests.

Number ofspecimens examined. — 235.

Coccinella novemnotata Herbst

Coccinella 9-notatata Herbst, 1793:269. Type locality: “North America.” Type not studied.

Coccinella franciscana Mulsant, 1853:147. Type locality: “California.” Type not studied. Synonymized by Dobzhansky,

1931:8.

Coccinella degener Casey, 1899:88. Type locality: “Fort Wingate, New Mexico.” Type in USNM. Synonymized by Dob-

zhansky, 1931:6.

Comparison. - Distinguished from other North American Coccinella species by characters

given in the above key.

Description. - Habitus and maculation as in Fig. 47. Color: head black with broad, white interocular band; pronotum

mostly black, except anterior angles and margin narrowly yellowish-white; elytra reddish-orange, maculate with black spots;

each elytron with five distinct spots that decrease in size in western populations; sutural margin very narrowly pigmented

black; ventral surface and legs black, except mesepimera and metepimera white to infuscate. Male genitalia: apical portion

of basal lobe broadly triangular, separated from it by large notch on each side; lateral lobes shorter than basal lobe. TL 4.0 -

7.0 mm; W 3.5 - 5.0 mm.

Variation. - The variation in elytral maculation is probably clinal. Typical C. novemnotata is represented by eastern spe-

cimens, with distinctly maculate elytra. Specimens with elytral maculation reduced except for the scutellar spot were des-

cribed as C franciscana from California. C. degener and C. oregona were described based on indistinctly maculate specimens

from the Pacific coastal region.

Distribution. — Widely ranging in North America, Fig. 141. Recorded from: Alabama, Al-
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berta, Arizona, Arkansas, British Columbia, California, Colorado, Connecticut, Delaware,

District of Columbia, Georgia, Idaho, Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana,

Maine, Manitoba, Maryland, Massachusetts, Michigan, Minnesota, Mississippi, Missouri, Mon-

tana, Nebraska, Nevada, New Hampshire, New Jersey, New Mexico, New York, North Carol-

ina, North Dakota, Northwest Territories, Ohio, Oklahoma, Ontario, Oregon, Pennsylvania,

Quebec, Rhode Island, Saskatchewan, South Carolina, South Dakota, Tennessee, Texas, Utah,

Vermont, Virginia, Washington, West Virginia, Wisconsin, and Wyoming.

Collecting and natural history notes. — Habitat: cultivated fields (alfalfa), parkland. Hosts:

Macrosiplium pisi (Harris); Therioaphis maculata; according to McMullen, 1967.

Number ofspecimens examined. — 578.

Coccinella fulgida Watson

Coccinella nugatoria: Leng, 1919:17. Misidentification.

Coccinella undecimpiinctata: Dobzhansky, 1931:28. Misidentification.

Coccinella fulgida Watson, 1954:45. Type locality: “Cape Henrietta Maria, Ontario.” Holotype in CNC, No. 6146.

Comparison. — Distinguished from other North American Coccinella species by combina-

tion of characters: size (TL 4. 5-5.0 mm); maculation of elytra (Fig. 53); geographic range in

subarctic North America (Fig. 144).

Description. - Habitus and maculation as in Fig. 53. Color: head black, with two well separated, interocular white spots;

pronotum mostly black, except anterior angles yellowish-white; anterior margin pigmented black at middle, anterior angles

maculate with white trapezoidal mark; elytra reddish-orange, maculate with black spots; each elytron with small to relatively

large scutellar spot, small sublateral spot at 0.40 joined with transverse median spot to form oblique dash, transverse apical

spot; sutural margin not pigmented black; ventral surface and legs black, except mesepimera white to black. Male genitalia

(figured by Watson, 1954): basal lobe subparaUel basally, constricted to form acute apex, lateral lobes equal in length with

basal lobe. TL 4.5 - 5.0 mm; W 3.8 - 4.0 mm.
Variation. - Specimens of several other species somewhat resemble specimens of C. fulgida. Of these, C. undecimpunc-

tata, C. hieroglyphica humboldtiensis, and C. monticola have ventral white spot of each anterior pronotal angle large, tra-

pezoidal and extended posteriorly as far as dorsal spot. In C. difficilis, body is more convex and specimens are on average

larger. In C alta the sutural margins of elytra are pigmented black. Brown (1962) pointed out that C fulgida may have an un-

usual sex ratio. From 20 specimens studied by him, only 3 were males.

Note. — The Alaskan specimens in USNM were misidentified by Dobzhansky ( 1 931) as C.

undecimpunctata. Chapin (1956) misidentified this species for C. difficilis. Leng (1919) re-

ported this species as C. nugatoria from Langston Bay and Kater Point, Bathurst Inlet, North-

west Territories.

Distribution. - Arctic and subarctic North America, Fig. 144. Recorded from: Alaska, nor-

thern British Columbia, northern Ontario, northern Quebec, Northwest Territories, and Yukon.

Collecting and natural history notes. - Habitat: arctic, subarctic tundra, tundra-boreal for-

est.

Number ofspecimens examined. — 23.

Coccinella undecimpunctata Linnaeus

Coccinella 1 1-punctata Linnaeus, 1758:366. Type locality: “Europe.” Type not studied.

Comparison. — Distinguished from other North American Coccinella species by combina-

tion of characters: size (TL 4.0-5. 0 mm) and maculation (Fig. 48). Palaearctic species intro-

duced to North America.

Description. - Habitus and maculation as in Fig. 48. Color: head black, with two well separated, interocular white spots;

pronotum mostly black, except anterior angles yellowish-white, anterior margin pigmented black at middle; elytra reddish-

orange, maculate with black spots; each elytron with five other, small but distinct black spots, elytral suture not pigmented;

ventral surface and legs black, except mesepimera white, metepimera pale to black, infuscate. TL 4.0 - 5.0 mm; W 3.0 mm.

Larva described by Emden (1949:276).

Variation. - Color and pigmentation: elytral spots (humeral, sublateral) reduced or missing from some specimens.
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Distribution. ~ Holarctic Region, northern Africa, Iceland but not Greenland, introduced

to North America. Recorded from: eastern coast (Schaeffer, 1912); Maine, Massachusetts,

New Brunswick, Newfoundland, New Jersey, New York, Nova Scotia, Ontario, Prince Edward
Island, and Quebec. Western coast (1970), southern British Columbia, and Washington (Fig.

144).

Collecting and natural history notes. - Habitat; cultivated fields (alfalfa), seashore grassy

communities, and parkland. Especially common near seashore, on grasses and other herbaceous

vegetation, including woody plants, e.g., Salix, and Be tula species. I collected adults of this

species in Vancouver, British Columbia, from aphid-infested Medicago sativa plants in English

Bay, almost at sea level.

Number ofspecimens examined. — 48.

Coccinella californica Mannerheim

Coccinella californica Mannerheim, 1843:312. Type locality: “California.” Type not studied.

Coccinella johnsoni Casey, 1908:403. Type locality: “San Diego, California.” Type in USNM. NEW SYNONYMY.

Note on synonymy. — C. johnsoni was described based on a maculate specimen of C. cali-

fornica. Casey ( 1 908) in description of this species remarked that he originally considered

this specimen to be “a spotted modification of C. californica. Dobzhansky (1931) referred

to C. californica indistinctly maculate specimens, which Brown (1962) treated as C. johnsoni.

Brown (1962) further noted that C. californica and C. johnsoni are separable only by elytral

maculation. The male genital armature of specimens referred to either species is identical. The

individuals from British Columbia and Washington are intermediate between distinctly macu-

late specimens from California, and immaculate specimens of typical morph of C. californica.

Based on the extent of variation in maculation of elytra, and the structure of male genital

armature, I consider C. johnsoni conspecific with C. californica. Thus the name C. johnsoni

is a junior synonym of the name C. californica.

Comparison. - Specimens of C. californica resemble some of C. novemnotata, which dif-

fer in having interocular region and anterior pronotal margin white.

Description. - Habitus and maculation as in Fig. 51, 54. Color: head black, two well separated, interocular spots; pro-

notum mostly black, except anterior angles yellowish-white; anterior margin pigmented black at middle; elytra reddish-or-

ange, maculate with scutellar spot small, humeral and median spots in some specimens indistinct; sublateral spot at 0.40;

one or two subapical spots; elytral suture narrowly pigmented black; ventral surface and legs black, except mesepimera white,

metepimera black. Male genitalia (figured by Brown, 1962): apical portion of basal lobe broadly triangular, separated from

it by small notch on each side, lateral lobes shorter than basal lobe. TL 5.0 - 6.8 mm; W 3.9 - 4.7 mm.

Distribution. — Pacific coast of North America, Fig. 142. Recorded from: Alaska, Alberta,

Arizona (Dobzhansky, 1931), British Columbia, California, Iowa, Missouri (Wingo, 1952),

Oklahoma (Brown, 1962), Oregon and Washington.

Collecting and natural history notes. — Habitat: cultivated fields (alfalfa), and parkland,

generally on aphid infested plants west of Continental Divide. Individual specimens appear

from time to time east of the Rocky Mountains, but these were most probably transported

there by human agency. This is the most plausible explanation for single records of adults

far away from the species’ breeding range. Wingo (1952), reported single adult specimens from

Iowa and Missouri, and suggested that these were carried there with shipments of fruits and

vegetables.

Number ofspecimens examined. — 224.

Coccinella trifasciata Linnaeus

Coccinella trifasciata Linnaeus, 1758:365. Type locality: Lappland. Type in BMNH, not studied.
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Coccinella perplexa Mulsant, 1850:1022. Type locality: “I’Amerique septentrionale.” Synonymized by Dobzhansky,

1931:22.

Coccinella subversa LeConte, 1854:19. Type locality: Oregon. Synonymized by Dobzhansky, 1931:23.

Coccinella barda LeConte, 1859:286. Type locality: Punto de los Reyes, Marin Co; California. Synonymized by Crotch,

1873:370.

Coccinella eugenii Mulsant, 1866:95. Type locality: California. Type not studied. Synonymized by Dobzhansky, 1931:

24.

Coccinella juliana Mulsant, 1866: 141. Type locality: California. Type not studied. Synonymized by Dobzhansky, 1931:

23.

Comparison. - Distinguished from other North American Coccinella species by combina-

tion of characters: yellowish-white interocular area, anterior margin of pronotum above eyes

pale yellow; size (TL 4. 8-5.1 mm); maculation (Fig. 52),

Description. - Habitus and maculation as in Fig. 52, 54. Color: head black, with two separated or confluent interocular

white spots; pronotum mostly black, anterior margin white at middle, except in some females; elytra reddish-orange, macu-

late with three, black fasciae; median and subapical fascia interrupted at suture; elytral suture not pigmented; ventral sur-

face and legs black, except mesepimera and metepimera white. Male genitalia (figured by Dobzhansky, 1931): apical por-

tion of basal lobe slender, equal in length with lateral lobes. TL 4.8 - 5.1 mm; W 3.8 - 4.0 mm.
Variation. - Some authors considered the Eurasian and North American populations to be specifically distinct, based

on the differences in color and maculation. As Brown (1962) pointed out, these characters vary geographically, almost clin-

ally. Dobzhansky (1931) demonstrated that variants of C. trifasciata overlap in distribution in North America, and the ten-

dency for reduced pigmentation of elytra is also known in specimens from southern Siberia and Mongolia.

Distribution. — Holarctic Region. In North America transcontinental (Fig. 145). Recorded

from most provinces in Canada, and in most states in United States.

Collecting and natural history notes. - Habitat: cultivated fields (alfalfa), parkland, boreal

forest.

Number ofspecimens examined. — 540.

Coccinella prolongata Crotch

Coccinella prolongata Crotch, 1873:371. Type locality: None specified, here restricted to Utah.

Coccinella bridwelli Nunenmacher, 1913:76. Type locality: “Tahquitz Valley, San Jacinto Mountains; California.” Type

in CAS. Synonymized by Dobzhansky, 1931:11.

Coccinella prolongata sequioae Dobzhansky, 1931:10. Type locality: “near Camp Wolverton, 7,000 to 9,000 ft; Sequoia

National Park, California.” Type in CAS, not studied.

Comparison. - Distinguished from other North American Coccinella species by combina-

tion of characters: general habitus and maculation (Fig. 49); size (TL 5. 7-7.0 mm); details of

male genital armature (figured by Brown, 1962:795).

Description. - Habitus and maculation as in Fig. 49. Color: head black, with two large, interocular white spots; prono-

tum mostly black, except anterior angles with large, trapezoidal, white markings, wider than in any other Coccinella species;

pigmentation of pronotum reduced to broad basal band and parallel sided median stripe; elytra reddish-orange, maculate

with black spots; each elytron with small submarginal spot near mid-line, and apical spot; sutural margin very narrowly pig-

mented dark-brown; ventral surface and legs black, except mesepimera and metepimera white to infuscate. Male genitalia

(figured by Dobzhansky, 1931): median lobe with apical portion broadly triangular in dorsal aspect, similar to that of C.

californica but separated from basal portion by much larger, deeper notch, lateral lobes shorter than median lobe. TL 5.7 -

7.0 mm; W 4.7 mm.
Variation. - Melanism was observed in some Cahfornian specimens. C. sequoiae was described based on specimens with

scutellar spot large; each elytron with very large, irregular black spot at apical 0.60. Recorded from Mono County only,

C. bridwelli was described based on specimens with elytra entirely black.

Distribution. — Western North America, Fig. 143. Recorded from: southern Alberta, south-

ern British Columbia, California, Colorado, Idaho, Kansas, Montana, Nebraska, Nevada, Oregon,

Washington, Wyoming and Utah.

Collecting and natural history notes. — Habitat: In the study area, only six specimens were

collected in southernmost Alberta, and British Columbia.

Number ofspecimens examined. — 6.
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Genus Hippodamia Dejean

Hippodamia Dejean, 1836:456. Type-species: Coccinella tredecimpunctata Linnaeus, 1758:365. Subsequently designa-

ted by Crotch, 1874:94.

Adonia Mulsant, 1846:39. Type-species: Coccinella mutabilis Scriba, 1790:183. (= C. variegata Goeze, 1777:247). Des-

ignated by Mulsant (1846:39) through monotypy. NEW SYNONYMY.
Hemisphaerica Hope, 1840:157. Type-species: Coccinella quinquesignata Kirby, 1837:230. Originally designated. NEW

SYNONYMY.
Ceratomegilla Crotch, 1873:365. Type-species: Cemtomegilla ulkei Crotch, 1873:365. Fixed by monotypy. The designa-

tion oi Coccinella rnaculata DeGeer, 1775:392 by Korschefsky (1932:312) is invalid. NEW SYNONYMY.
Spiladelpha Semenov and Dobzhansky, 1923:99. Type-species: Spiladelpha barovskii Semenov and Dobzhansky, 1923:

99. Subsequently designated by Mader, 1926:87. Synonymized by Brown and de Ruette, 1962:646.

Notes on synonymy. — As pointed out by Brown and de Ruette (1962), the characters

used to distinguish members of Adonia and Hippodamia fail in some North American species.

Specimens of Adonia species are supposedly characterized by: pronotal base margined with

a distinct bead; metacoxal arcs complete, well impressed; males with first segment of front

and middle tarsi markedly dilated. However, metacoxal arcs are constantly obscured or ab-

sent from members of H. tredecimpunctata, H. americana, H. falcigera, H. washingtoni, and

present in most but not all specimens of other North American species. Males of H. sinuata,

H. oregonensis, and H. caseyi possess markedly dilated first segment of front and middle tarsi.

Based on this inconsistency of characters, H. variegata, and H. tredecimpunctata are in my
opinion congeneric taxa. Thus, Adonia, is a junior synonym of Hippodamia.

C. tredecimpunctata and C. quinquesignata are in my opinion congeneric taxa. This con-

clusion is based on possession of characters of male genital armature, cleft tarsal claws, as well

as general body structure and color pattern in specimens of these two species. Thus, Hemis-

phaerica is a junior synonym of Hippodamia.

The genus Ceratomegilla was described by Crotch ( 1 873) from a single male specimen. The

diagnostic characters given to separate members of this genus from Hippodamia were as fol-

lows; pronotum sinuate and beaded at base; antennae unique, third article “broadly dilated

at apex, with the inner angle ciliate.” Scott (1933) noted that the modified (dilated) third an-

tennal article is a male character. As pointed out by Brown and de Ruette (1962), for 60

years the type-species was known from the holotype only. As a result, Ceratomegilla was con-

fused with other genera, and the genus remained inadequately defined. Based on the structure

of the male genital armature, as well as general body structure, it is evident that Ceratomegil-

la Crotch as represented by its type-species, C. ulkei, is a member of the genus Hippodamia.

Thus, the name Ceratomegilla Crotch is a junior synonym of the name Hippodamia.

Derivation of name. — Hippodamia from Greek, mythical name. First used by Dejean (1 836),

who credited its origin to Chevrolat.

Comparison. — Distinguished from other North American Coccinellini by combination of:

color of elytra from yellow-orange to orange-red; middle and hind tibiae with two prominent

spurs each; tarsal claws appendiculate, notched; details in structure of male genital armature

(as indicated below, and see plate A, p. 290, and Plate B, p. 341.)

Description. - Coccinellini of small to medium size (3.0 - 7.5 mm). Body form: elongate oval, oblong. Color: head black,

except frons with interocular yellowish-white band or spots; mouthparts and antennae light brownish-yellow, in members of

some species brown; pronotum mostly black, except lateral and anterior margins yellowish-white (in H. moesta specimens

only anterior angles yellow-white). In members of some species, black discal area with V-shaped, yellowish-white vittae; ely-

tra from yellow to orange-red, maculate with black spots or longitudinal bands; in members of some species, pigmentation

reduced or coalescent and elytrae mostly black; ventral surface and legs black, except mesepimera and metepimera white,

tibiae and tarsi light brownish-yellow in some species. Vestiture: dorsal surface glabrous, except head, antennae and mouth-

parts setose, ventral surface and legs setose. Sculpture: head distinctly punctate, shagreened; in members of some species,

punctures large, unequal; pronotum and elytra distinctly punctate, shagreened; in members of some species punctures large,

unequal and coalescent. Head: antennae of 11 articles each, relatively long, clavate; mandibles bifid at apex; maxillary palpus

of 3’ articles ultimate article triangular; labial palpus of 3 articles, slender and cylindrical. Thorax: pronotum convex, recessed
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above eyes; lateral margins shallowly reflexed, Elytra: apex in members of some species acute; lateral margin narrowly but

distinctly reflexed. Legs: middle and hind tibiae with two prominent spurs distally: tarsal formula 4-4-4, each claw with

basal tooth or prominently cleft, bifid. Abdomen: metacoxal arcs complete, distinctly impressed, obscure or absent in mem-

bers of some species. Male genitalia (see Plate A, p. 290 ): median lobe (sipho) arcuate tube, without siphonal capsule; basal

lobe variously modified at apex, modification species-specific (see Plate B). Female genitalia (figured by Chapin, 1946):

spermatheca sclerotized, arcuate cylinder; accessory gland large; infundibulum present.

Distribution. — Holarctic Region. Predominantly North American genus with more than

25 species described for the world (Chapin, 1946; Kapur, 1968).

Natural history. — Both larvae and adults are predaceous on aphids and mites. Vaundell and

Storch (1972) listed names of hosts. The life cycle of the more common species was described

by Palmer (1914).

Systematic studies. — The North American species of this genus have been studied by: Brown

and de Ruette ( 1 962); Casey ( 1 899, 1908); Chapin ( 1 946); Crotch ( 1 873); Leng ( 1 903); Tim-

berlake (1919); and Wingo ( 1 952). Dobzhansky ( 1 926b) included Hippodamia in a distinct

subtribe. Hatch (1962) and Brown and de Ruette (1962) raised the rank to part of a tribe.

Species identification. — Because of extensive variation in color pattern, definitive identi-

fication of adults is best achieved by examination of the male genitalia. Therefore, the follow-

ing key uses mainly genitalic features. Illustrations are provided on Plate B (p. 341 ). Males

are recognized by a median emargination of the posterior margin of the penultimate (fifth)

abdominal sternum.

Typical members of each species can be identified by color pattern, and generally, speci-

mens can be rough-sorted on this basis. Fig. 55 to 70 illustrate such patterns.

Key to adults of the Hippodamia species from western Canada and Alaska

1 ( 0 ) Each tarsal claw with subrectangular basal tooth. Base of pronotum with

marginal bead fine and entire H. ulkei Crotch, p. 340

1' Each tarsal claw cleft near middle, tooth sharply pointed. Base of prono-

tum not beaded 2

2 ( F) Tibiae and tarsi of all legs yellowish-brown, femora black. Each elytron

maculate with seven separate black spots. Male genitalia as in Eig. B1

H. tredecimpunctata (L.), p. 342

2' Legs brownish-black to black, or with only tarsi brownish-yellow 3

3 (
2') Pronotum at base with more or less well developed pale median spot 4

3' Pronotum black at base, without median pale spot 7

4 ( 3 ) Male genitalia: basal lobe with apical protuberance in shape of arrow head

(Pig. B5) H. parenthesis (Say), p. 343

4' Apical protuberance of basal lobe not in shape of arrow head, sides

parallel or sloped 5

5 ( 4') Male genitalia: ventral alae large, protruded laterally; apical 0.33 of basal

lobe with sides rounded (Fig. B3) H. falcigera Crotch, p. 342

5' Ventral alae less developed, basal lobe not expanded apically, sides sloped

obliquely 6

6 ( 5') Male genitalia: basal lobe terminated in long slender process, as in Fig. B8 .

H. lunatomaculata Motschulsky, p. 345

6' Apical protuberance of basal lobe shorter, as in Fig. B 7

H. apicalis Casey, p. 344

7 ( 3') Male genitalia: parameres longer than basal lobe; latter with very broad,

oblique apical portion, apical margin ridged (Fig. B1 5)

H. sinuata Mulsant, p. 349

1' Parameres and basal lobe subequal in length, apical portion narrower 8
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8
'

9 (
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9'

10 (9')
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'

11 (9')
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12 ( 11 ')

12
'

13 (11')

13'

14 (13')

14
'

15 (14')

15
'
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Male genitalia: basal lobe with apical protuberance in form of arrow head

(Fig. B6) //. arc /^/ca (Schneider), p. 344

Basal lobe with apical protuberance less prominent, not expanded later-

ally 9

Male genitalia; ventral alae large, prominent, projected laterally near base

as in Fig. B 2 10

Ventral alae less conspicuous, or inconspicuous from dorsal aspect 11

Male genitalia: basal lobe expanded in apical 0.33; apical protuberance

short, truncate (Fig. B4) K washingtoni Timherhke, p. 343

Basal lobe narrowed and sides sloped medially toward apical protuberance,

latter narrowed (Fig. B2) H. americana Crotch, p. 342

Male genitalia: basal lobe with dorsal crest; ventral alae not evident near

apex, as in Fig. BIO 12

Basal lobe without dorsal crest; ventral alae evident each side of apex

(Fig. B13) 13

Male genitalia: basal lobe apically more gradually attenuate; dorsal crest

deeply and broadly emarginate (Fig. BIO) H. glacialis (Fab.), p. 346

Basal lobe more abruptly tapered, dorsal crest entire and slightly rounded

(Fig. B9) H. quinquesignata (Kirby), p. 345

Male genitalia; basal lobe very broad, parameres markedly arcuate (Fig. B13)

H. caseyi Johnson, p. 348

Basal lobe narrower, parameres not strongly curved 14

Male genitalia: basal lobe with terminal protuberance broader, less arcuate;

parameres almost straight (Fig. B14) H. oregonensis Crotch, p. 348

Basal lobe with terminal protuberance narrower, parameres longer, more

strongly curved 15

Male genitalia: basal lobe broader at base, wedge-like in outline; terminal

protuberance longer (Fig. B1 1) H. moesta LeConte, p. 347

Basal lobe slightly constricted near base, generally narrower; apical pro-

tuberance shorter (Fig. B1 2) H. convergens Guerin Meneville, p. 347

Hippodamia ulkei (Crotch)

Ceratomegilla ulkei Crotch, 1873:365. Type locality: “Hudson’s Bay.” Type not studied.

Hippodamia parva Watson, 1954:45. Type locality: “Cape Henrietta Maria, Ontario.” Holotype in CNC, No. 6147/slide

No. 3131. NEW SYNONYMY.
Ceratomegilla parva: Brown and de Ruette, 1962:647.

Note on synonymy. — Upon examination of type specimen I consider//, parva conspecific

with C. ulkei, based on the identical structure of the male genital armature. Brown and de

Ruette (1962) when transferring//, parva to Ceratomegilla indicated the possibility of con-

specifity with C. ulkei but did not decide.

Description. — Habitus and color pattern as in Fig. 57, or elytra maculate. Color: head black with two interocular, whitish-

yellow spots; mouthparts and antennae light brown; pronotum mostly black, except lateral margins narrowly yeUowish-white;

elytra mostly black, except base and margins orange-yellow; suture black, narrowly bordered orange-yellow at apical 0.40;

ventral surface and legs black. Tarsi brownish. Vestiture: dorsal surface distinctly punctate, shagreened, dull. Punctures un-

equal, coalescent. Pronotum: margins narrowly beaded. Elytra: lateral margins narrowly reflexed. Legs: tarsal claws appen-

diculate, notched at base. Male genitalia (figured by Watson, 1954): sipho arcuate; lateral lobes each shorter than basal lobe;

alae small, as in parenthesis group. Female genitalia (figured by Watson, 1954): spermatheca arcuate cylinder; accessory gland

relatively large. TL 3.8 - 4.7 mm; W 2.8 - 3.0 mm.
Variation. - Males are distinguished by dilated antennal article 3 (triangular) and dilated basal articles of front and middle

tarsi. H. parva was described based on a non-melanic specimen, with spots on elytra reduced and elytral color therefore pre-

dominantly orange-yellow (eastern subarctic region).
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PLATE B

341

Plate B. Male genitalia (excluding median lobe or sipho), dorsal aspect, of North American species. (Fig. B6 from

Brown and de Ruette, 1962; remaining figures from Chapin, 1946). - Bl,//. tredecimpunctata (L.); BP-basal piece; BL-bas-

al lobe; PA-paramere; VA-ventral ala. B2, H. americana Crotch. B3, H. falcigera Crotch. B4, H. washingtoni Timberlake. B5,

H. parenthesis (Say). B6,//. arctica (Schneider), basal lobe only. B7,//. apicalis Casey. B8,//. lunatomaculata Motschulsky.

B9, H. quinquesignata (Kirby). BIO, H. glacialis (Fab.). Bll, H. moesta LeConte. B12, H. convergens Gudrin Mdneville. B13,

H. caseyi Johnson. B14, //. oregonensis Crotch. B15, J/. sinuata Mulsant.
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Distribution. — Arctic and subarctic North America, Fig. 146. Recorded from; Alaska, nor-

thern British Columbia, northern Ontario, Northwest Territories, and Yukon. Also recorded

from Alberta, Mountain Park refugium (based on one elytron found under rocks).

Note on classification. — Although there is no compelling reason to maintain a separate

genus for this species, nonetheless H. ulkei does not fit into any of the groups proposed by

Chapin ( 1 946). It seems best to include this species in a group of its own, diagnosed by chara-

cters in the key plus male genitalia with small ventral alae (see Watson, 1954, for an illustra-

tion of the ventral aspect of the genitalia).

Collecting and natural history notes. — Habitat: arctic, subarctic tundra, and alpine tundra

in the northern Rocky Mountains.

Number of specimens examined. — 41.

Hippodamia tredecimpunctata (Linnaeus)

Coccinella 13-punctata Linnaeus, 1758:366. Type locality: “Europa.” Type in BMNH, not studied.

Coccinella tibialis Say, 1824:94. Type locality: “Missouri.” Type lost. Synonymized by Mulsant, 1850:10.

Comparison. - Distinguished from other North KmQncdLn Hippodamia species by; bicolor-

ed legs, tibiae light brownish-yellow, femora black.

Description. - Habitus and maculation as in Fig. 70. Color: head black, Irons with yellowish-white interocular mark;

mouthparts and antennae light brownish-yellow; pronotum mostly black, except anterior and lateral margins yellowish-

white; elytra red-orange, each with seven black spots; ventral surface and legs black; tibiae light brownish-yellow; mesepimera

and metepimera yellowish-white. Male genitalia, as in Fig. Bl. TL 5.2 - 6.2 mm; W 3.1 - 3.5 mm.

Distribution. - Holarctic Region. Widely ranging in North America, Fig. 161.

Collecting and natural history notes. - Habitat: cultivated fields (alfalfa), grassland and

parkland. Bionomics of this species was described by Cutright (1924).

Number ofspecimens examined. — 467.

Hippodamia americana Crotch

Hippodamia americana Crotch, 1873:368. Type locality: “Hudson Bay.” Type not studied.

Comparison. - Distinguished from other North American Hippodamia species by combina-

tion of characters; size (TL 4.0-4. 5 mm); distinctive elytral maculation (Fig. 56); unique male

genital armature (Fig. B2); range in boreal North America (Fig. 148).

Description. - Habitus and maculation as in Fig. 56. Color: head black with yellowish-white interocular spot; mouth-

parts and antennae light brownish-yellow; pronotum mostly black, except anterior and lateral margins narrowly bordered

whitish-yellow; elytra yellow-orange, maculation black, suture narrowly pigmented black; ventral surface and legs black;

tarsi light brownish-yellow. Sculpture: dorsal surface distinctly punctate, shagreened. Male genitalia as in Fig. B2. TL 4.0 -

4.5 mm; W 2.3 - 2.5 mm.

Distribution. — Widely ranging in northern half of North America, Fig. 148. Recorded

from; Alberta, British Columbia, Manitoba, Northwest Territories, Ontario, and Saskatchewan.

Collecting and natural history notes. - Habitat: boreal forest and parkland, on plants in-

fested with aphids.

Number of specimens examined. — 31.

Hippodamia falcigera Crotch

Hippodamia falcigera Crotch, 1873:368. Type locality: “Slave Lake, Hudson’s Bay.” Type not studied.

Hippodamia sinuata albertana Casey, 1924: 157. Type loeahty: “Edmonton, Alberta.” Type in USNM. Synonymized by

Chapin, 1946:7.

Ceratomegilla cottlei Nunenmacher, 1934:20. Type locality: “Yellowstone Park, Wyoming.” Type in CAS. Synonymized

by Chapin, 1946:7.
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Comparison. — Distinguished from other North American Hippodamia species by combina-

tion of characters: size (TL 5. 1-5.3 mm); unique elytral maculation (each elytron with longi-

tudinal vitta, curved posteriorly); and geographic range confined to northwestern North Amer-

ica (Fig. 153).

Description. - Habitus and maculation as in Fig. 59. Color: head black; frons with median interocular yellowish-white

spot; mouthparts and antennae light brownish-yeUow; pronotum mostly black, anterior and lateral margins bordered yellow;

elytra yellow, each maculate with longitudinal vitta, curved at posterior end; suture pigmented black, tapered posteriorly.

Ventral surface and legs black; mesepimera and metepimera yellowish-white. Abdomen: metacoxal arcs obscured. Male geni-

talia as in Fig. B3: basal lobe broadly rounded apically, narrowly constricted at apex. TL 5.1 - 5.3 mm; W 3.0 - 3.2 mm.

Variation. - Specimens of this species do not appear to vary markedly in maculation or size. Chapin (1946:7) noted

lack of pigmentation of pronotum in one specimen, and vittae of elytra divided into two parts in another.

Distribution. — Northwestern North America, Fig. 153. Recorded from; Alberta, British

Columbia, Idaho, Northwest Territories, Wyoming, and Yukon.

Collecting and natural history notes. — Habitat: boreal forest and parkland, on plants in-

fested with aphids.

Number ofspecimens examined. — 48.

Hippodamia wasliingtoni Timberlake

Hippodamia washingtoni Timberlake, 1939:265. Type locality: “Longmire Spring, Mount Rainier, Washington.” Type

in CAS, not studied.

Comparison. — Distinguished from other North American Hippodamia species by: general

habitus and maculation (Fig. 69); size (TL 5. 5-6.0 mm); geographic range confined to western

coastal North America (Fig. 1 59).

Description. - Habitus and maculation as in Fig. 69. Color: head black with single yellowish-white interocular spot; mouth-

parts and antennae yellowish brown; postantennal process pale yellow; pronotum mostly black, anterior and lateral margins

bordered yellowish-white; elytra orange-yellow, each elytron maculate with 6 black spots, arranged as in Fig. 55; ventral sur-

face and legs black, mesepimera and metepimera black. Male genitalia as in Fig. B4: similar to those of H. falcigera, sipho with

comparatively large dorsal flange near apex. In specimens of H. falcigera this projection is smaller than in H. tredecimpuncta-

ta. TL 5.2 - 6.0 mm; W 2.9 - 3.8 mm.

Variation. - Pigmentation of pronotum varied only slightly, holotype with mark similar to//, tredecimpunctata, disc with

blunt lateral spur on each side. Elytral maculation varied considerably. This is the only species of the tredecimpunctata group

of Chapin (1946) with individual specimens without black maculation. In maculate individuals, it appears to be characteris-

tic for spots 0.5 and 3 to be coalescent with their counterparts to form an inverted T-shaped mark.

Distribution. — Pacific coast of North America, Fig. 1 59. Recorded from coastal British

Columbia, Oregon and Washington.

Collecting and natural history notes. — Habitat: parkland and forest.

Number ofspecimens examined. — 3.

Hippodamia parenthesis (Say)

Coccinella parenthesis Say, 1824:93. Type locality: “United States.” Type lost.

Coccinella tridens Kirby, 1837:299. Type locality: None specified. Type lost. Synonymized by Crotch, 1873.

Adonia parenthesis: Mulsant, 1850:40.

Comparison. - Distinguished from similar//, lunatomaculata by; structure of male genital-

ia (Fig. B5) and from H. apicalis by elytral maculation (subapical lunule not extended to apex).

Description. - Habitus and maculation as in Fig. 66. Color: head black, frons with three, yellowish-white interocular

spots; in some specimens spots confluent; mouthparts and antennae light brownish-yellow; pronotum mostly black, except

anterior and lateral margins yellowish-white; elytra orange-yellow, maculate with black; each elytron with humeral spot,

discal spot, and subapical lunule; front sutural spot elongate; ventral surface and legs black, except mesepimera and metepi-

mera yellowish-white. Elytra: apices distinctly pointed (aciculate); margins narrowly reflexed. Male genital as in Fig. B5. TL

4.5 - 5.1 mm; W 3.0 - 3.1 mm.

Quaest. Ent., 1976 12(4)



344 Belicek

Distribution. — Widely ranging in North America, Fig. 1 56.

Collecting and natural history notes. — Habitat: grassland and parkland, on plants infested

with aphids.

Number ofspecimens examined. — 450.

Hippodarnia arctica (Schneider)

Coccinella arctica Schneider, 1792:148. Type locality: “?Lapland.” Type not studied.

Adonia arctica (Schneider): of authors. See note on synonymy under generic description.

Comparison. — Distinguished from other North American ///ppot/am/tz species by: small

size (TL 3.0-3. 8 mm); range in arctic, subarctic North America (Fig. 147); unique elytral ma-

culation (Fig. 55), elytral suture bordered black. This species is a member of the parenthesis

group of Chapin ( 1 946).

Note. — Scott (1933) reported this species from Kirkman Creek, Yukon Territory; and Eagle,

Alaska on the Yukon boundary diS Adonia amoena Falderman - a Siberian species. As noted

by Brown and de Ruette (1962), these records are based on specimens of H. arctica. Further-

more, Mader (1926) expressed doubts that H. amoena and H. arctica are specifically distinct.

Without specimens of H. amoena available for study, the status of this species cannot be de-

cided at present time.

Description. - Habitus and maculation as in Fig. 55. Color: head black with two interocular, yellowish-white spots; anten-

nae and mouthparts light brownish-yellow; pronotum mostly black, lateral and anterior margins bordered whitish-yellow; ely-

tra mostly black, maculate with yellow vittae, pattern as in Fig. 55; ventral surface and legs black, except tarsi brown. Sculp-

ture: dorsal surface distinctly punctate, shagreened, dull in appearance; punctures unequal, shallow. Elytra: margins narrow-

ly reflexed. Abdomen: metacoxal arcs complete, distinctly impressed. Male genitalia as in Fig. B6: basal lobe stout, markedly

constricted apically to form arrow head-like process. TL 3.0 - 3.8 mm; W 2.0 - 2.3 mm.

Distribution. - Arctic and subarctic North America, Fig. 147. Recorded from: Alaska, nor-

thern British Columbia, Labrador, northern and central Quebec, Northwest Territories, and

Yukon.

Collecting and natural history notes. — Habitat: arctic and subarctic tundra, on plants in-

fested with aphids.

Number ofspecimens examined. — 10.

Hippodarnia apicalis Casey

Hippodarnia apicalis Casey, 1899:81. Type locality: Reno, Nevada. Type in USNM.

Hippodarnia parenthesis expurgata Casey, 1908:400. Type locality: Boulder Co., Colorado. Type in USNM. NEW SYN-

ONYMY.
Hippodarnia lengi Johnson, 1910:55. Type locality: San Diego, California. Type location unknown. Synonymized by

Chapin, 1946:9.

Hippodarnia lunatomaculata expurgata: Timberlake, 1919:166. Misidentification.

Hippodarnia lunatomarginata expurgata: Korschefsky, 1932:342. Misidentification.

Hippodarnia expurgata: Chapin, 1946:72. NEW SYNONYMY.
Adalia nigromaculata Nunenmacher, 1934:20. Type locality: “San Diego County, California.” Type in CAS. Synonymized

by Chapin, 1946:9.

Hippodarnia apicalis tricolor Nunenmacher, 1946:72. Type locality: “Lassen County, CaUfornia.” Type in CAS, not

studied. Synonymized by Hatch, 1962.

Note on synonymy. — Upon examination of type specimens in Casey’s collection (USNM)

and large series of specimens from northwestern United States (Idaho, Utah), I consider H.

expurgata: Chapin, 1 946: 72; (=//. parenthesis expurgata Casey) to be conspecific with//.

apicalis Casey, based on continous variation of apical portion of basal lobe of male genital

armature.

Comparison. — Distinguished from other North American Hippodarnia species by combina-

tion of characters; size (TL 3. 5-4. 5 mm); unique elytral maculation (subapical lunule extended
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to apex); geographic range continued to western North America (Fig. 1 50).

Description. - Habitus and maculation as in Fig. 62. Body elongate oval, oblong. Color; head black, except crown-like

yellowish-white interocular mark; mouthparts and antennae light brownish-yellow; pronotum mostly black, except anterior

and lateral margins whitish-yeUow; elytra yellow to yellow-orange, maculate with black spots, pattern as in Fig. 62; ventral

surface and legs black, except reddish-light brown front tibiae and tarsi; mesepimera and metepimera white. Vestiture; frons

sparsely, mouthparts and antennae more densely setose; dorsal surface of pronotum and elytra glabrous, elytral apex with

several setae; ventral surface and legs setose. Sculpture: head and pronotum distinctly punctate, shagreened; elytra distinctly

punctate, punctures large, unequal. Elytra: apex acuminate. Abdomen: metacoxal arcs complete, distinctly impressed. Male

genitalia as in Fig. B7; apical portion of basal lobe varied from slender to broad triangle. TL 3.5 - 4.5 mm; W 2.0 - 3.0 mm.

Variation. — Maculation of elytra varied; spots reduced (southern Alberta). Subapical lunule confluent with humeral

spot (some British Columbia and Washington specimens). H. lengi was described based on specimens with subapical lunule

enlarged, extended to suture and confluent with scutellar spot (California).

Distribution. — Western North America, Fig. 1 50. Recorded from: Alaska, Alberta, Arizona,

British Columbia, California, Colorado, Idaho, Montana, Nebraska, Nevada, New Mexico, Ore-

gon, Saskatchewan, South Dakota, Utah, Washington, Wyoming and Yukon.

Collecting and natural history notes. — Habitat: sagebrush, Pinon-Juniper chaparral, xeric

savannas and parkland. Collected on Artemisia tridentata infested with mites of Bryobia species.

Number ofspecimens examined. — 145.

Hippodamia lunatomaculata Motchulsky

Hippodamia lunatomaculata Motschulsky, 1845:382. Type locality: “vicinity of San Francisco Bay, California.” Type

not studied.

Hippodamia septernlunata: Dejean, 1836:456. Women nudum.

Hippodamia parenthesis: Casey, 1899:81. Misidentification.

Hippodamia lunatomarginata: Korschefsky, 1932:342. Unjustified emendation.

Hippodamia lunatomaculata dobzhanskyi Chapin, 1946:11. Type locality: “Port Angeles, Washington.” Type in USNM,

No. 57891.

Comparison. - Distinguished from very similar//, parenthesis by; details of male genital

armature (Fig. B8) and range in coastal western North America. See the above key for further

details.

Description. - Superficially indistinguishable from H. parenthesis. Male genitalia as in Fig. B8: basal lobe 0.25 longer than

lateral lobes; apical 0.33 sharply constricted and produced into slender projection, terminated in bulbous apex. TL 4.4 - 5.2

mm; W 3.0 mm.

Variation. - Color and maculation: H. lunatomaculata dobzhanskyi was described from specimens with reduced pigmen-

tation of pronotum, and marked enlargement of maculation on elytra (coastal Oregon and Washington, southernmost coastal

British Columbia).

Distribution. — Pacific coast of North America. Recorded from: British Columbia, Californ-

ia, Oregon, and Washington.

Collecting and natural history notes. — Habitat: coastal chaparral, parkland, and cultivated

fields.

Number ofspecimens examined. — 14.

Hippodamia quinquesignata (Kirby)

Coccinella quinquesignata Kirby, 1837:230. Type locality: “Lat. 65°. ” Type not studied.

Hemisphaerica quinquesignata: Hope, 1840:157.

Hippodamia mulsanti LeConte, 1852:131. Type locality: “Pic River, Lake Superior.” Type in MCZ. Synonymized by

Chapin, 1946: 13.

Hippodamia ambigua LeConte, 1852:131. Type locality: “California and Oregon.” Type in MCZ. Synonymized by

Chapin, 1946:13.

Hippodamia punctulata LeConte, 1852:131. Type locality: “San Francisco, California.” Type in MCZ, Synonymized

by Chapin, 1946:13.

Hippodamia leporina Mulsant, 1856:135. Synonymized by Crotch, 1873:366.

Hippodamia obliqua Casey, 1899:79. Type locality: “Sonoma County, California.” Type in USNM. Synonymized by

Chapin, 1946:13.
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Hippodarnia subsimilis Casey, 1899:79. Type locality: “? California.” Type'in USNM. Synonymized by Chapin, 1946:13.

Hippodamia veniix Casey, 1899:79. Type locality: “Wyoming.” Type in USNM. Synonymized by Chapin, 1946:13.

Hippodarnia uteana Casey, 1908:397. Type locality: “Sevier Lake, Utah.” Type in USNM. Synonymized by Chapin,

1946:13.

Comparison. — Distinguished from other North American Hippodamia species by; general

habitus and maculation (Fig. 67); size (TL 5. 0-5. 6 mm); details of male genital armature (Fig.

B9).

Description. - Habitus and maculation as in Fig. 67. Color: head black, frons with large, yellowish-white interocular mark;

mouthparts and antennae light brownish-yellow; pronotum mostly black, anterior and lateral margins yellowish-white; elytra

orange-red, maculate with black, each elytron with humeral and discal transverse band, subapical spot; ventral surface and

legs black; mesepimera and metepimera white. Male genitalia as in Fig. B9. TL 5.0 - 5.6 mm; W 3.2 - 3.4 mm.

Variation. — Elytral maculation varied. Pigmentation in specimens from the Okanagan Valley reduced, individual speci-

mens almost immaculate, except for small scutellar spot.

Distribution. — Widely ranging in North America, Fig. 1 57. Recorded from: Alaska, Alber-

ta, Arizona, British Columbia, California, Colorado, Dakotas, Idaho, Manitoba, Michigan, Mon-

tana, New Mexico, Northwest Territories, Oregon, central Quebec, Saskatchewan, Utah, Wash-

ington, Wyoming and Yukon.

Collecting and natural history notes. — Habitat: cultivated fields (alfalfa), parkland. A.M.

Harper observed overwintering aggregations of this species at several localities in southern Al-

berta. Beetles were found undQV Arctostaphylos iiva-iirsi (L.), ca. 3,000-5,000 individuals; un-

der Juniperus ?sp., ca. 2,000 individuals. At Porcupine Hills, 20 miles west of Claresholm, a

smaller aggregation under rock of about 100 individuals contained also several specimens of

H. caseyi. (Personal communication, A.M. Harper).

Number ofspecimens examined. — 286.

Hippodamia glacialis (Fabricius)

Coccinella glacialis Fabricius, 1775:80. Type locality: “America boreali.” Type not studied.

Hippodamia extensa Mulsant, 1850:17. Type locality: “ Californie septentrionale.” Type not studied. Synonymized by

Chapin, 1946:16.

Hippodamia lecontei Mulsant, 1850: 1010. Type locality: “Santa Fe de Bogota,” = Santa Fe., New Mexico. Type not

studied. Synonymized by Chapin, 1946:17.

Hippodamia hoppingi Nunenmacher, 1934:21. Type locality: “Mt. Stillman, Tulare County, California.” Type in CAS.

Synonymized by Chapin, 1946:17.

Hippodamia glacialis mackenziei Chapin, 1946:19. Type locality: “Inyo County, California.” Type in USNM, No. 57892.

Comparison. — Distinguished from other North American Hippodamia species by combina-

tion of: general habitus and maculation (Fig. 63); size (TL 5. 9-7.0 mm); and transcontinental

range in temperate North America (Fig. 155).

Description. - Habitus and maculation as in Fig. 63. Color: head black with white interocular spot; pronotum mostly

black, narrowly bordered white, with two oblique white marks; elytra orange-red, maculate with black spots; subapical spot

large, conspicuous; two postmedian spots large and obliquely coalescent; anterior spots absent. Male genitalia as in Fig. BIO.

TL 5.9 - 7.0 mm; W 3.7 - 4.7 mm.

Variation. - Larger and broader than most Hippodamia species. Specimens from eastern half of North America are charac-

terized by frequent absence of spots 0.5, 1, and 2; in some specimens absence of spot 3, and confluence of spots 4 and 5. Pro-

notum in most specimens marked with yellowish-white oblique vittae. H. extensa was described based on specimens with

spots 2, 4, 5, and 6 absent, and frequent confluence of spots 1/2, 1, and 3 to form basal transverse bar. Pronotal oblique mark

obliterated (coastal California). H. glacialis mackenziei was described from melanic specimens from high elevations in mount-

ains of eastern California. Spots 0.5, 1, 3, 4, 5, and 6 confluent to form butterfly-shaped spot covering about two-thirds of

elytra. Spot 2 separate and distinct.

Distribution. — Widely ranging in North America, Fig. 1 55. Recorded from: Alabama, Al-

berta, Arizona, British Columbia, California, Colorado, Dakotas, Idaho, Illinois, Indiana, Man-

itoba, Michigan, Montana, New Mexico, Northwest Territories, Ontario, Oregon, Quebec, Saskat-

chewan, South Carolina, Utah, Washington, and Wyoming.

Collecting and natural history notes. — Habitat: cultivated fields (alfalfa), parkland.

Number ofspecimens examined. — 66.
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Hippodarnia nioesta LeConte

Hippodamia moesta LeConte, 1854:19. Type locality: “Prairie Paso, Oregon.” Type not studied.

Hippodarnia politissima Casey, 1899:80. Type locality: “Monterey Co., California.” Type in USNM. Synonymized by

Chapin, 1946:21.

Hippodamia bowditchi Johnson, 1910:45. Type locality: “St. Maries, Idaho.” Synonymized by Chapin, 1946:21.

Comparison. — Distinguished from other North American Hippodamia species by combina-

tion of characters: size (TL 4. 1-6.0 mm); general habitus and maculation (Fig. 64). Similar

to H. quiuquesignata, from which specimens differ by yellow-orange color of elytra, generally

larger spots.

Description. — Habitus and maculation as in Fig. 64. Color: head black, Irons with median, interocular yellow spot; mouth-

parts and antennae light brown; labrum, ultimate article of maxillary palpus, dark brown; pronotum mostly black, anterior

angles whitish-yellow; elytra yellow to yellowish orange, maculation black; ventral surface and legs black except mesepimera

and metepimera yellowish-white. Abdomen: metacoxal arcs obscured. Male genitalia as in Fig. B1 1. TL 4.7 - 7.0 mm; W 2.8 -

4.0 mm.

Variation. - High degree of melanism observed in some specimens, maculation coalescent. H. moesta was described based

on a specimen with elytra completely black, except small whitish spot at basal margin of each elytron. H. politissima was de-

scribed from immaculate specimens from California. Typical maculate specimens were described as H. bowditchi, with the

elytral pattern similar to that of//, quinquesignata.

Distribution. — Widely ranging in western North America, Fig. 151. Recorded from; Alber-

ta, British Columbia, California, Colorado, Idaho, Manitoba, Montana, Oregon, Saskatchewan,

Washington, and Wyoming.

Collecting and natural history notes. — Habitat; grassland and parkland, on plants infested

with aphids.

Number of specimens examined. — 58.

Hippodamia convergens Guerin-Meneville

Hippodamia convergens Gudrin-MdneVLlle, 1844:321. Type locality: “Mexico and California.” Type not studied.

Hippodamia praticola Dejean, 1836:456. TVomen nudum.

Hippodamia modesta Melsheimer. 1847:178. Type locality: “Pennsylvania.” Type not studied. Synonymized by Chapin,

1946:23.

Hippodamia convergens var. obsolete Crotch, 1873:367. Type locality: None specified. Synonymized by Chapin, 1946:

23.

Hippodamia juncta Casey, 1899:80. Type locality: “Sonoma County, California.” Type in USNM. Synonymized by

Chapin, 1946:22.

Comparison. - Distinguished from other North American Hippodamia species by combina-

tion of characters: V-shaped, yellowish-white mark on black disc of pronotum; and from spe-

cies which also possess this character, by size (TL 5. 5-7.0 mm), and elytral maculation.

Description. - Habitus and maculation as in Fig. 61. Color: head black, frons with interocular, yellowish-white mark;

mouthparts and antennae light brownish-yellow; pronotum mostly black, except anterior and lateral margins yellowish-white,

disc with two posteriorly convergent yellowish-white vittae; scuteUum black; elytra orange-yellow, in most specimens macu-

late, each elytron with 7 brown-black spots (Fig. 61); ventral surface and legs brown-black. Male genitalia as in Fig. B12.

TL 5.5 - 7.0 mm; W 4.0 - 5.0 mm.

Variation. - Variation in elytral maculation was studied by Kellogg and BeU (1904), and Yosida (1956). Results of both

studies indicate that approximately 86% of specimens had a full complement of six black spots on each elytron, 14% had

some spots missing, 3.75% had more than 12 spots, and only 0.2% (Yosida, 1956) had some spots coalescent. It is noteworthy

that eight specimens collected in Mexico (Hidalgo), have all elytral spots missing.

Distribution. — Nearctic Region, and Middle America, introduced to Cuba. This is the com-

monest and most widespread species of Hippodamia in North America, Fig. 1 52.

Collecting and natural history notes. — Habitat; cultivated fields (alfalfa), chaparral, grass-

land and parkland. Hawkes (1926) reported aggregations of this species from Yosemite Valley,

California.

Number of specimens examined. — 890.
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Hippodamia caseyi Johnson

Hippodamia convergens caseyi Johnson, 1910: 21, 33. Type locality: “Fairfield, Washington.” Type not studied.

Comparison. - Distinguished from other North American Hippodamia species by: larger

size (5.5 mm); details of male genital armature (Fig. B13); and unique elytral maculation

(Fig. 60).

Description. - Habitus and maculation as in Fig. 60. Color: head black with yellowish-white interocular band; mouth-

parts and antennae yellowish-brown; pronotum mostly black with anterior margin and both anterior and posterior angles

yellowish-white, black discal area with two convergent yellowish-white vittae; mesepimera and metepimera white; elytra

orange-yellow with black maculation; each elytron with humeral, large postscutellar, small marginal, transverse discal and

subapical spot; ventral surface and legs black except tarsi brown-black. Sculpture: head and pronotum finely punctate, shag-

reened; elytra more coarsely punctate, shagreened. Abdomen: metacoxal arcs complete, distinctly impressed. Male genital-

ia as in Fig. B13. TL 5.5 mm; W 2.9 - 3.2 mm.

Distribution. — Western North America, Fig. 149. Recorded from: Alberta, British Colum-

bia, Colorado, Idaho, Montana, Oregon, Utah, and Washington.

Collecting and natural history notes. - Habitat: cultivated fields (alfalfa), parkland. Fields

and McMullen (1972) reported overwintering aggregations in central British Columbia, e.g.,

from Apex Mt. (2,248 m), Baldy Mt. (2,303 m), Beaconsfield Mt. (2,196 m), Mt. Kobau (1,

975 m), and Sheep Rock (2,200m). Aggregation sites were on south facing upper-most slopes

of the mountains, among fractured boulders covered with lichens. The movement upward to

aggregation sites from lower valleys was gradual, from early September to mid-October when

these sites were covered by snow.

Number ofspecimens examined. — 142.

Hippodamia oregonensis Crotch

Hippodamia oregonensis Crotch, 1873:367. Type locality: “Oregon.” Type not studied.

Hippodamia dispar Casey, 1899:79. Type locality: “Colorado.” Type in USNM. Synonymized by Chapin, 1946:24.

Hippodamia puncticollis Casey, 1899:78. Type locality: “Canadian Rocky Mountains.” Type in USNM. Synonymized

by Chapin, 1946:24.

Hippodamia lilliputana Casey, 1908:397. Type locality: “Colorado.” Type in USNM. Synonymized by Chapin, 1946:25.

Hippodamia cockerelli Johnson, 1910:49. Type locality: “Sangre de Cristo Range, Saguache Co., Colorado.” Type not

studied. Synonymized by Chapin, 1946:25.

Comparison. — Distinguished from other North American Hippodamia species by combina-

tion of characters: small size (TL 3. 5-5.0 mm); unique elytral maculation (frontispiece); range

in alpine, subalpine zone of Rocky Mountains (Fig. 1 54).

Description. - Habitus and maculation as in Fig. 65, frontispiece. Color: head black with yellow median diamond-shap-

ed spot; pronotum mostly black, anterior angles, lateral and anterior margin narrowly yellow; elytra red-orange, each ely-

tron maculate with transverse humeral band, median lunate spot, and oval apical spot; ventral surface and legs black, except

mesepimera and metepimera white. Male genitalia as in Fig. B14. TL 3.5 - 5.0 mm; W 2.5 - 3.0 mm.

Variation. — Maculation: Size and shape of elytral spots varied. H. lilliputana was described based on specimens with re-

duced elytral spots, whUe//. cockerelli was described from a specimen with confluent elytral maculation (Colorado). John-

son (1910) reported two other specimens from Wyoming.

Distribution. - High elevations in the Rocky Mountains, Fig. 1 54. Recorded from: Alber-

ta, British Columbia, Colorado, Idaho, Montana, Oregon, Utah, Washington, and Wyoming.

Collecting and natural history notes. — Habitat: alpine meadows, specimens seen crawling

on rocks and low vegetation. Immediately south of study area; in Montana, I collected a num-

ber of pupae attached to rocks at elevation 6,660 ft (2,028 m) at Logan Pass, from which be-

etles emerged 22. VIII. Fields and McMullen (1972) reported overwintering aggregation sites

in central British Columbia, e.g., from Apex Mt. (2,248 m), Mt. Baldy (2,303 m) and Beacons-

field Mt. (2,196 m). Aggregation sites were on the upper most slopes of these mountains, be-

neath rock slabs partially buried and with grasses and sedges growing around. These sites were

situated so that exposure to wind resulted in shallow snow pack . In western Washington,
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Edwards (1957) described aggregations near the summits of Pinnacle Peak (June) and Yakima

Peak (September). Chapman (1954) reported aggregations of this species near the summits of

several mountains in western Montana.

Number ofspecimens examined. — 79.

Hippodamia siniiata Mulsant

Hippodamia sinuata Mulsant, 1850:1011. Type locality: “California.” Type not studied.

Hippodamia spuria LeConte, 1861:358. Type locality: “Oregon.” Type in MCZ, not studied. Synonymized by Chapin,

1946:27.

Hippodamia trivittata Casey, 1899:81. Type locality: “Sonoma County, California.” Type in USNM. Synonymized by

Chapin, 1946:27.

Hippodamia crotchi Casey, 1899:80. Type locality: “Lake County, California.” Type in USNM. Synonymized by Chapin,

1946:27.

Hippodamia complex Casey, 1899:80. Type locality; “Vancouver Island.” Type in USNM. Synonymized by Chapin, 1946

27.

Description. - Habitus and maculation as in Fig. 68. Color: head black, frons with yellowish-white, interocular mark;

antennae and mouthparts light brownish-yellow; pronotum mostly black, except anterior and lateral margins yellowish-white;

elytra orange-yellow, maculate with black spots; ventral surface and legs black; Abdomen: metacoxal arcs obscured. Male

genitalia as in Fig. B15. TL 4.9 - 5.1 mm; W 2.7 - 3.2 mm.

Distribution. ~ Widely ranging in western North America, Fig. 1 58 (only western distribu-

tion shown). Recorded from; Alberta, Arizona, British Columbia, California, Colorado, Idaho,

Kansas, Manitoba, Montana, Oregon, Saskatchewan, Washington, Wyoming, and Yukon.

Collecting and natural history notes. — Habitat: cultivated fields (alfalfa), grassland and

parkland, on plants infested with aphids. On Vancouver Island, D.H. Kavanaugh collected a

large number of specimens by shaking out moss mats in late October.

Number ofspecimens examined. —
1 24.

Genus Macronaemia Casey

Macronaemia Casey, 1899:76. Type-species: Coccinella episcopalis Kirby, 1837:228, 309. Fixed by monotypy.

Micronaemia: Weise, 1905:218. Misspelling.

Comparison. - Distinguished from Anisosticta Chevrolat by more elongate body, macula-

tion of elytra and details of male genital armature.

Description. - Coccinellini of small size (TL 3.0 - 4.0 mm). Body elongate. Color: head black, except frons anteriorly

yellow, pronotum and elytra yellow, maculation black; ventral surface generally black, except legs light-brownish yellow.

Head: eyes emarginate, coarsely faceted; antennae moderately long, each of 11 articles, clavate; maxillary palpus securiform;

mandibles bifid at apex. Thorax: pronotum convex, transverse rectangle; recessed above eyes. Elytra: margins narrowly re-

flexed, beaded. Legs: tarsal formula 4-4-4, claws appendiculate.

Distribution. - North America, genus with single species only.

Macronaemia episcopalis (Kirby)

Coccinella episcopalis Kirby, 1837:228, 309. Type locality: “Canada”. Type in BMNH, not studied.

Comparison. — Distinguished from Anisosticta bitriangularis and A. borealis by more elon-

gate body, elytral maculation (Fig. 74) and details of male genital armature.

Description. - Habitus and maculation as in Fig. 74. Color: head black; frons yellow-white; mouthparts and antennae

brownish-yellow; pronotum and elytra mostly yellow; maculation black, each elytron with longitudinal, discal vitta; suture

narrowly pigmented black; ventral surface brown-black, except legs light brownish-yellow; prosternum, meso- and metepimera

white. TL 3.5 - 4.3 mm; W 1.8 mm.

Distribution. — Widely ranging in western North America, Fig. 160. Recorded from: Alas-

ka, Alberta, British Columbia, California, Colorado, Idaho, Iowa, Kansas, Manitoba, Minneso-

ta, Montana, Northwest Territories, Ontario, Oregon, Saskatchewan, Washington, Wisconsin,

Quaest. Ent., 1976 12(4)



350 Belicek

Wyoming, and Yukon.

Collecting and natural history notes. - Habitat: parkland, boreal forest, and cultivated

fields.

Number ofspecimens examined. - 128.

G^nus Mulsantina Weise

Mulsantina Weise, 1906:34. Replacement name for Cleis Mulsant, 1850:162, 208. Not Mulsant, 1850:132, 135. Type-
species: Cleis mirifica Mulsant, 1850:209. (= Cleis lynx Mulsant, 1850:210). Subsequently designated by Crotch, 1874:142.

Pseudocleis Casey, 1908:406. Type-species: Coccinella picta Randall, 1838b:51. Originally designated. Synonymized by
Timberlake, 1943:19.

Note on nomenclature and synonymy. - Cleis Mulsant, 1 850: 162, 208 is a junior homonym
of both Cleis Mulsant, 1850, 132, 135; and Cleis Guerin-Meneville (Lepidoptera). C. mirifica,

and C. picta are in my opinion congeneric taxa. Thus the name Pseudocleis is a junior synonym
of the n^imt Mulsantina. Timberlake ( 1 943: 1 9) reported that the male genitalia of M. lynx are

identical with those ofM mirifica, thus supporting Crotch ( 1 874: 142), who was first to sug-

gest that the two were not specifically distinct. Crotch (1 874) chose to use the specific epith-

et lynx in preference to mirifica for this species, though the latter has page priority.

Comparison. - Distinguished from other North American Coccinellini by general habitus

(Fig. 72, 73); white prosternum, mes- and metepimera, meso- and metabasisternum, metepip-

leura.

Description. - Coccinellini of medium size (3.5 - 5.0 mm). Body oval, oblong. Head: eyes emarginate, finely faceted;

antennae each of 11 articles, moderately long, clavate; mandibles bifid at apex; maxillary palpus securiform. Thorax: pro-

notum recessed above eyes, narrowly explanate laterally; elytra with lateral margins narrowly reflexed; legs normal, tarsal

formula 4-4-4, claws appendiculate. Abdomen: with six visible sterna; metacoxal arcs incomplete.

Distribution. — North and Middle America, West Indies. Blackwelder (1945) listed five

species included in this genus.

Key to adults of the species of Mulsantina from western Canada and Alaska

1 (0) Elytral suture narrowly brown-black M. hudsonica CasQy, p. 351

1
' Elytral suture not brown-black, or if brown-black, then as part of discal

mark extended to suture M. picta (Randall), p. 350

Mulsantina picta (Randall)

Coccinella picta Randall, 1838b: 51. Type locality: “Massachusetts.” Type not studied.

Coccinella concinnata Melsheimer, 1847:177. Type locality: “Pennsylvania.” Type lost. Synonymized by LeConte, 1850:

238.

Harmonia contexta Mulsant, 1850:87. Type locality: “Mexique.” Type not studied. Synonymized by LeConte, 1858:

87.

Cleis minor Casey, 1899:95. Type locality: “Alameda and Siskiyou Co., California.” Type in USNM. Synonymized by

Leng, 1903:205.

Comparison. - Distinguished from other North Amtxic2Ln Mulsantina species by: general

habitus and maculation (Fig. 73) and details of male genital armature.

Description. - Habitus and maculation as in Fig. 73. Color: Ventral surface mostly ivory-yeUow, except for brown-black

maculation; head black with three interocular yellow spots, in some individuals confluent; antennae and mouthparts.yellow-

brown; pronotum with M-shaped black disjointed mark; prosternum, mesepimera and metepimera ivory-yellow; legs yellow-

brown; elytra mostly ivory-yellow, brown-black mark on each elytron with longitudinal vitta extended in U-shape to suture,

and small marginal spot at 0.60. Vestiture: normal for genus. Sculpture: head and thorax distinctly but finely punctate, sha-

greened; elytra prominently punctate, punctures unequal. Legs: tarsal claws with prominent basal, quadrate tooth. TL 3.3 -

5.0 mm; W 3.0 - 3.5 mm.

Variation. - Color: pigmentation of pronotum and elytra varied, from indistinctly maculate to melanic, predominantly

black variants, with many intermediates. Johnson (1910:72) reported melanic variation to be continuous. C. concinnata
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was described based on a specimen with predominantly black elytra. H. contexta was described based on a specimen with

elytra! basal band continued from longitudinal discal vitta to suture. C. minor was described based on a specimen with post-

erior lateral spot at 0.60 confluent with longitudinal vitta, and extended to margin.

Distribution. — Widely ranging in North America, Fig. 162. Recorded from; Alabama, Al-

berta, British Columbia, California, Colorado, Idaho, Illinois, Indiana, Kansas, Montana, New
York, Ontario, Oregon, Pennsylvania, Saskatchewan, Utah, Washington, and Wyoming.

Number ofspecimens examined. -
1 64.

Mulsantina hudsonica (Casey)

Gets hudsonica Casey, 1899:96. Type locality: “Hudson Bay.” Type in USNM.

Comparison. — Distinguished from other North American A/i/Aurzfmtz species by unique

elytra pattern (Fig. 72).

Description. - Habitus and maculation as in Fig. 72. Color: head yellow, vertex black; antennae and mouthparts light

brownish-yellow; pronotum mostly yellow with black maculation, pattern (Fig. 72). Elytra yellow, maculate with black spots

and vittae; each elytron with longitudinal discal vitta and black spot on each side; suture narrowly pigmented black; ventral

surface and legs light brown to black, except prosternum, basisternum, and epimera white. Sculpture: dorsal surface distinct-

ly punctate, elytra without isodiametric meshes between punctures, shiny. Abdomen: metacoxal arcs incomplete. TL 4.0 -

4.5 mm; W 3.0 mm.

Variation. - Color: extent of pigmentation of head, pronotum, and elytra varied; elytral spots fused to form longitudinal

vitta in some specimens.

Distribution. — Widely ranging in northern half of North America, Fig. 163. Recorded

from; Alaska, Alberta, northern British Columbia, northern Manitoba, Northwest Territories,

northern Ontario, northern Quebec, northern Saskatchewan, and Yukon.

Collecting and natural history notes. — Habitat; parkland and forest.

Number ofspecimens examined. — 64.

Genus Anisosticta Dejean

Anisosticta Dejean, 1836:456. Type-species: Coccinella 19-punctata Linnaeus, 1758:366. (= C. 19-punctata Fabricius,

1775.). Subsequently designated by Crotch, 1874:93.

Derivation of name. - From Greek, aniso + sticta = unequal + spots, in reference to macu-

lation. First used by Dejean (1836), who credited its origin to Chevrolat. The name is often

mistakenly attributed to Duponchel (1841, /7i d’Orbigny) who was the first to publish it

with description of the genus.

Comparison. — Distinguished from other North American Coccinellini by combination,

middle and hind tibiae with single spur each, tarsal claws simple, general habitus and macula-

tion (Fig. 75).

Description. - Coccinellini of medium size (3.0 - 4.0 mm). Body elongate oval, oblong. Color: dorsal surface mostly

yellow, maculation of pronotum and elytra brown-black; ventral surface brown-black except, legs light brownish-yellow,

prosternum white. Vestiture: dorsal surface glabrous except, frons setose; ventral surface and legs setose. Sculpture: head

punctate, shagreened; pronotum punctate, shagreened; elytra coarsely punctate, without isodiametric meshes, surface shiny.

Head: subquadrate, eyes finely faceted, emarginate; antennae moderately long, each of 11 articles, clavate; maxillary pal-

pus securiform. Elytra: lateral margins narrowly reflexed. Legs: tarsal formula 4-4-4, claws simple; middle and hind tibiae

each with single spur. Abdomen: metacoxal arcs complete, semicircular, well impressed.

Distribution. — Holarctic Region with five species described. Two species recorded from

North America.

Natural history. - Both larvae and adults are predaceous on aphids.

Systematic studies. — The North American species of this genus have been studied by Brown

and de Ruette ( 1 962), Casey ( 1 899), Leng ( 1 903). Bielawski (1958) revised this genus for the

world (Palaearctic region). Sasaji (1971) redescribed the single Japanese species.
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Key to adults of the species of Anisosticta from western Canada and Alaska

1 ( 0 ) Elytral suture pigmented black, maculation confluent; arctic - subarctic

North America A. borealis T[mbQr\a.kQ, p. 352

1' Elytral suture black only at anterior 0.20; widely ranging in North

America A. bitriangularis (Say), p. 352

Anisosticta bitriangiilaris (Say)

Coccinella bitriangularis Say, 1824:296. Type locality: “Northwest Territory.” Type lost.

Coccinella multiguttata Randall, 1838b:51. Type locality: “Cambridge, Massachusetts.” Type lost. Synonymized by

LeConte, 1883:197.

Anisosticta strigata: Crotch, 1873:369. Misidentification.

Description. - Habitus and maculation as in Fig. 75. Color: head whitish-yellow, vertex black; mouthparts and antennae

yeUowish-brown; pronotum and elytra whitish-yellow, maculate with black spots; ventral surface black, except legs brown-

ish-yellow, lateral margins of sterna yeUowish-white. Vestiture: normal for genus. Sculpture: head punctate, shagreened; pro-

notum punctate, distinctly shagreened. Elytra: lateral margins distinctly reflexed. Legs: normal for genus. TL 3.3 - 4.0 mm;
W 2.0- 2.2 mm.

Distribution. — Widely ranging in North America, Fig. 164. Recorded from: Alaska, Alber-

ta, British Columbia, California, Idaho, Manitoba, Michigan, Minnesota, Montana, North Dak-

ota, Northwest Territories, Ontario, Oregon, Quebec, Saskatchewan, South Dakota, Washing-

ton, and Yukon.

Collecting and natural history notes. - Habitat: collected throughout the study area in

marshes and other wet habitats. Treading was most successful technique in these situations.

Number ofspecimens examined. — 210.

Anisosticta borealis Timberlake

Anisosticta borealis Timberlake, 1943:45. Type locality: “Nulato, Alaska.” Type in USNM.

Description. - Habitus and maculation as in Fig. 76. Color: head black, frons yellow anteriorly; mouthparts and anten-

nae light brownish-yellow; pronotum and elytra yellow, maculate with black spots, pattern as in Fig. 76; each elytron with

spots confluent longitudinally; ventral surface black, except legs light brownish-yellow; prosternum and metepimera whitish-

yellow. Legs: tarsal claws simple, enlarged at base. TL 3.0 - 3.5 mm; W 2.1 - 2.2 mm.

Distribution. - Arctic and subarctic North America, Fig. 165. Recorded from: Alaska, nor-

thern Manitoba, Northwest Territories, northern Quebec, and Yukon.

Collecting and natural history notes. — Habitat: collected in northern regions, from pitfall

traps or by hand on vegetation.

Number ofspecimens examined. — 87.

Genus Psyllobora Dejean

Psyllobora Dejean, 1836:458. Type-species: Coccinella lineola Fabricius, 1792:283. Subsequently designated by Timber-

lake, 1943:41.

Note on type species. — The designation of Coccinella 20-maculata Say, 1824:96; by Crotch

(1874: 135) is invalid. This species was not among those originally included.

Derivation of name. — From Greek, psyllo + bora - psyllid + eater, in reference to feeding

habit. First used by Dejean (1836), who credited its origin to Chevrolat.

Comparison. - Distinguished from other North American Coccinellidae by combination

of characters: small size (largest 3.0 mm), color mostly yellowish-white, maculate with black

spots (Fig. 77, 78).

Description. - Body broadly oval, prominently convex, glabrous. Color: from ivory-yellow to whitish-yellow and yellow,

maculate with brown-black spots. Head: antennae each of 11 articles; terminal article of maxillary palpus securiform, that

of labial palpus globose; mandibles with row of 3 to 9 teeth along cutting edge, and at apex. Abdomen: with six visible
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sterna; metacoxal arcs incomplete. Legs: normal, moderately long; tibiae simple, slender, tibial spurs absent; tarsal formula
4-4-4, claws each with quadrate basal tooth. Male genital armature (figured by Hatch, 1962): basal lobe symmetrical, longer

than lateral lobes, apex produced into recurved blunt point; sipho with well developed basal capsule. Female genitalia (fig-

ured by Chapin, 1965): spermatheca arcuate cylinder; infundibulum present in most species, sperm duct relatively short.

Distribution. — Western Hemisphere, genus with more than 50 species included. Widely

ranging in North America, with six species recorded.

Natural history. - Davidson ( 1 921) reported Psyllobora taedata LeConte to feed on fungi

of mildew type, e.g., Sphaerotheca pannosa, Podosphaera clandestina.

Key to adults of the species of Psyllobora from western Canada and Alaska

1 ( 0 ) Elytral distinctly punctate; punctures unequal, coalescent. Male genitalia:

basal lobe only slightly longer than lateral lobes, gradually tapered to blunt

point, and slightly recurved apically; sipho relatively stout for basal 0.20,

very slender for remainder of its length . ... P. vigintimaculata (Say), p. 353

1' Elytra indistinctly punctate; punctures fine, well separated. Surface poli-

shed. Body markedly convex. Male genitalia: basal lobe distinctly longer

than lateral lobes, markedly constricted and recurved apically; sipho rela-

tively uniform in diameter, narrowed only at apex

P. borealis Casey, p. 353

Psyllobora vigintimaculata (Say)

Coccinella 20-maculata Say, 1824:96. Type locality: “Missouri.” Type lost.

Psyllobora 20-maculata taedata LeConte, 1857:70. Type locality: “California.” Type not studied.

Comparison. — Distinguished from other Psyllobora species known from western Canada

and Alaska by combination of characters: transcontinental range; unique pronotal and elytral

maculation (Fig. 77); and characters outlined in the above key.

Description. — Habitus and maculation as in Fig. 77. Color: head pale yellow, vertex with two black spots; mouthparts

and antennae pale yellow; pronotum and elytra pale yellow; maculate with brown-black spots, pattern as in Fig. 77; ventral

surface light brown, except legs pale yellow, and metabasisternum brown-black, metepimera whitish-yellow. Sculpture: dor-

sal surface distinctly punctate, punctures large, unequal, coalescent. Abdomen: metacoxal arcs incomplete. TL 1.9 - 2.7 mm;
W 1.6- 2.0 mm.

Variation. - Elytral maculation pattern varied, in some specimens, spots coalescent (Fig. 77).

Distribution. - Widely ranging in North America, Fig. 166.

Collecting and natural history notes. — Habitat: orchards, parkland, and forest. Both lar-

vae and adults feed on mildews (Weed, 1 889; Davidson, 1 921).

Number ofspecimens examined. — 380.

Psyllobora borealis Casey

Psyllobora borealis Casey, 1899: 102. Type locality: “Coeur d’Alene, Idaho.” Type in USNM.

Comparison. — Distinguished from other Psyllobora species from western Canada and

Alaska by: unique pronotal and elytral maculation (Fig. 78); larger size than P. vigintimacu-

lata, and restricted range to the west of the Continental Divide (Fig. 167).

Description. - Habitus and maculation as in Fig. 78. Color: head pale yellow, frons with two black spots; mouthparts

and antennae pale yellow; pronotum and elytra ivory-yellow, maculate with brown-black spots, pattern as in Fig. 78; ven-

tral surface brown, except legs pale-yellow, mesepimera, metepimera yellowish-white. Vestiture: normal for genus. Sculp-

ture: dorsal surface distinctly punctate, elytral punctures small, well separated. Legs: normal for genus. Abdomen: meta-

coxal arcs incomplete. TL 2.7 - 3.0 mm; W 2.0 mm.

Distribution. — Western North America, Fig. 167. Recorded from: British Columbia, Ida-

ho, Colorado, Montana, Oregon, Utah, and Washington.

Collecting notes. — Habitat: parkland, (orchards), forests.
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Number ofspecimens examined. — 123.

ZOOGEOGRAPHY

Introduction

The composition of the coccineliid fauna of western Canada and Alaska and peculiarities

in geographic distribution of its taxa are end results of the evolutionary history of this group.

In the following, I attempt: (1) to elucidate the post-glacial origin of this fauna, particularly

in reference to Pleistocene glaciations; (2) to evaluate the significance of the Rocky Mount-

ains as a dispersal barrier, and (3) to evaluate the effectiveness of refugia as centres of post-

glacial dispersal. Furthermore, I speculate about the origin and affinities of this fauna in gen-

eral. I hope that these hypotheses and conclusions provide some answers to questions about

the origin and history not only of the coccineliid portion of the fauna of western North Am-
erica, but also other animal groups.

Distribution patterns of Coccinellidae in western North America

There have been many attempts to formally describe biotic provinces or regions for North

America (Dice, 1943, 1 952; Hagmeier, 1966; Van Dyke, 1919, 1926). The life zone concept,

originally proposed by Merriam (1892, 1 894, 1 898) on the basis of temperature, has been de-

clared unsatisfactory by Kendeigh (1932), Shelford (1932), and others. However, it is pos-

sible and useful to describe life zones, e.g., forest regions of Canada (Rowe, 1 972), in referen-

ce to dominant tree species, or alpine zone in reference to altitude; but these concepts are

fundamentally different from biotic provinces as areas with more or less uniform composition

or biota. Recent studies (Kaiser et al., 1972) indicate that the basic premise of attempts to

define biotic provinces is fallacious. The basic difference between biotic province and life zone

is that the first is based on composition of the faunal/floral assemblage in a given area, where-

as the life zone concept is basically ecological, i.e., different places have different habitat con-

ditions (climatic, edaphic). As pointed out by Muesebeck and Krombein (1952), “sufficient

data have been analyzed so that the range of many species may be given succinctly by refer-

ence to life zones.” The map (Fig. 169), Fife zones of North America, summarizes the pre-

sent delineation of life zones. Here I recognize seven major zones: (AA) Arctic-Alpine; (H)

Hudsonian; (C) Canadian; (T) Transition; (UA) Upper Austral; (FA) Fower Austral; (ST) Sub-

tropical. The alpine zone in the Rocky Mountains could not be indicated on the map, becau-

se of the generally small size of these areas and the scale of this map. The subtropical zone is

not considered in further discussion because the post-glacial origin of the fauna of British Col-

umbia and Alberta was not effected by its extent, nor was species composition. The present

distribution ranges of many species correlate to a high degree with the mentioned life zones,

delineated by the general physiography of the continent (mountainous barriers) and climatic

patterns combined with types of vegetation in a given zone.

Coccineliid fauna of western Canada and Alaska

Most of the area was glaciated during Wisconsin time (Fig. 168). There is general agreement

that in glaciated areas the fauna was exterminated and/or displaced elsewhere, most species

southward of the limits of glacial ice. Thus, it follows that the present coccineliid fauna of

western Canada and Alaska is derived post-glacially from unglaciated source areas south or

north of the ice-sheet, and from refugial areas (nunataks) in the Rocky Mountains. Therefore,

the questions of interest center upon the environmental zonation (life zones), and changes

since the Pleistocene glaciation, the geographic location of source areas, and the recoloniza-

tion of glaciated areas during Wisconsin time. Problems of interpretation are complicated by

the physiographically complex land surface of western Canada. Survival of biota in refugia

during the Pleistocene glaciation is generally accepted. Lindroth (1969) discussed the biolo-
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gical significance of such refugia, described them, and provided a historical account of the

ideas which led to the development of concepts of biotic refugia during glacial periods. Fur-

thermore, Lindroth (1965) demonstrated unexpectedly favorable conditions for survival of

cold adapted biota in the immediate vicinity of glacial ice in coastal areas of Iceland. In North

America, the most important and largest unglaciated area north of the continental ice-

sheet, the Beringian refugium, covered most of Alaska and parts of the Yukon Territory (Fig.

168, area 1). Several authors (Matthews, 1968; 1974; 1 975; Hopkins cr «/, 1971) documented

a rich insect fauna in Beringia during Wisconsin time.

Packer and Vitt (1974) reviewed the botanical evidence suggesting numerous refugia through-

out the Northern Rocky Mountains and pointed to the area of Mountain Park in Alberta as one

of the refugia. My investigation of this area tentatively supports their evidence, based on a find

of one recent elytron of Hippodamia ulkei, an arctic-subarctic coccinellid. Another example

of a disjunct relict is a carabid beetle Amara alpina Paykull. This latter species is presently re-

stricted to the subarctic and arctic regions of North America, except for disjunct populations

in refugia in the alpine zone of the Rocky Mountains. I believe that at least the highly vagile

portion of the fauna of glaciated areas was not exterminated but rather was displaced (or mov-

ed) as the habitat became locally unavailable. Taxa adjust their distribution ranges according

to the environmental conditions, often on a grand scale (Coope, 1 970; 1972; 1 973 ; and Coope

& Angus 1975). This hypothesis is supported by disharmonious associations (faunal and flor-

al assemblages with no extant counterparts), as reported in several palaeo-ecological studies

(Hibbard et al, 1965; Matthews, 1975). The effectiveness of refugia as centres of post-glacial

dispersal of biota in the Rocky Mountains is becoming increasingly evident with every systema-

tic study conducted in western Canada (Freitag, 1965; Larson, 1975;Nimmo, 1971). In Bri-

tish Columbia, the glaciation was thought to have been general, and the ice-sheet to have cov-

ered the mainland and coastal islands (Vancouver Island, Queen Charlotte Islands). Calder and

Taylor (1968) concluded from botanical evidence that the Queen Charlotte Islands served as

a refugium during the Pleistocene glaciation. The effectiveness of coastal refugia for the cocc-

inellid portion of the fauna is not established. Elsewhere in the Pacific Northwest, the presence

of refugia was suggested by Heusser (1960), with a major refugium south of the ice-sheet (Fig.

168, source area 3).

Life zones

The Arctic zone (Fig. 169AA) is characterized by treeless tundra. The coccinellid fauna of

the arctic zone is markedly different from that of the forested zones to the south (Hudsonian

and Canadian). The number of species recorded from this zone is relatively small (27), and af-

finities with the Palaearctic Region are suggested by a high proportion of circumpolar species.

A number of species are endemic to this zone, e.g., Hippodamia ulkei, (Fig. 146) and H. arc-

tica (Fig. 147). The alpine zone in the Rocky Mountains is analogous in the environmental

conditions with the Arctic zone. The fauna of the alpine zone of the Cordillera includes some

species that are primarily restricted to the arctic zone, but this element represent relicts from

glacial times when arctic-subarctic zone was more extensive. This suggests that the Rocky

Mountains served as a corridor for cold adapted species to extend their ranges during glacial

periods.

The Alpine zone (not indicated on Fig. 169) is inhabited by a numer of alpine endemics,

e.g., Hyperaspis jasperensis, Hippodamia oregonensis, Coccinella alta, none of which are found

in the arctic zone. The wide range of some of these species in the alpine zone of Sierra Nevada

and Rocky Mountains, and their absence from the arctic zone, suggest that dispersal is relative-

ly easy (to account for presence of C. alta (Fig. 137) in the alpine zone of Sierra Nevada Mount-

ains), and that factors other than climate control the distribution of alpine endemics. During

the summer months the fauna of the alpine zone is enriched by influx of species from surround-
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ing lowlands. The summer immigrants do not breed at high elevations.

The Hudsonian zone (Fig. 169H) is generally characterized by open, discontinuous conifer-

ous forests with the ground covered by lichens. Hudson Bay effectively divides both the arctic

and Hudsonian zone into two separate, discontinuous sectors (see Fig. 169). The eastern pop-

ulations of Hippodamia ulkei from Cape Henrietta Maria are represented by non-melanic speci-

mens, while the western specimens are invariably melanic. The Hudsonian zone in the Rocky

Mountains contains a number of relict species, very probably of Beringian derivation e.g., Hip-

podamia americana, H. falcigera. The rest of the fauna consists of species derived from the

Canadian zone.

The Transition zone (Fig. 169T) is extensively developed east of the Rocky Mountains, but

is also present on the western side of the Rocky Mountains. The dominant vegetation of the

eastern sector (east of the Rocky Mountains) is the deciduous forest, gradually replaced by

parkland and prairie grasslands. West of the Rocky Mountains the zone is characterized by

dominance of Finns ponderosa. The effects of the Rocky Mountains on the composition of

the fauna of this zone are very pronounced. The grassland-prairie portion is inhabited by a num-

ber of endemic species, e.g., Hyperaspidius Hercules, Chilocorus hexacyclus. Similarly the wes-

tern sector of the Transition zone (west of the Rocky Mountains) is inhabited by endemic spe-

cies, e.g., Hippodamia lunatomaculata, H. washingtoni, Coccinella californica, Psyllobora bore-

alis, and the introduced species Coccinella undecimpunctata and Stethorus punctillum. Either

the Rocky Mountains are an effective dispersal barrier for species restricted to either sector

of the Transition zone, or if it is assumed that dispersal is easy (as postulated in the following),

the endemic faunal element of the Transition zone west of the Rocky Mountains is older than

the Pleistocene. The glaciation of the Rocky Mountains during Wisconsin time only strength-

ened the division of already differentiated endemics in both the western and eastern sectors

of the Transition zone. The boundary between the Canadian and the Transition zone is not

markedly distinct, that between Transition and Upper Austral zones is distinct.

The Upper Austral zone (Fig. 169UA) is divided by the Rocky Mountains into western and

eastern sectors. This parallels the situation analogous in the Transition zone. The eastern sec-

tor is not considered here, because this sector was not studied within the scope of this pro-

ject. The western sector is characterized by oak-pihon-juniper chaparral, and often referred to

as the Upper Sonoran region.

The Lower Austral zone (Fig. 169LA) is primarily developed in the southeastern United

States. West of the Rocky Mountains, this zone occupies relatively small areas, characterized

by semidesert, desert vegetation, e.g., Larrea divaricata, and several species of Fouquieria. It

is referred to as Lower Sonoran region (a distinction based on the amount of percipitation).

The composition of the fauna of British Columbia and Alberta and the present distribution

of species indicate that in terms of post-glacial origin and affinities, the present fauna was most

probably derived from the following four source areas (Fig. 168, areas 1, 2, 3, 4); This conclu-

sion is primarily derived from the present distribution ranges of species (Fig. 88-167), and bas-

ed on several assumptions. These are: (1) species occupy the maximal range available to it at

any given time (this implies easy dispersal); (2) ecological tolerances or requirements of the

species did not change during the Pleistocene (cold adapted species are still cold adapted); (3)

speciation on a large continental land mass is much slower than generally believed; and (4)

glaciation as a process was gradual, and did not provide any new forces or habitats which may

lead to speciation.

Source areas of post-glacial dispersal of Coccinellidae in western North America

Source area 1. — Beringian refugium and refugia throughout the Northern Rocky Mount-

ains (ca. 3%). This element of the fauna is represented by cold-adapted, arctic-subarctic taxa.
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e.g., Hippodamia arctica, Hippodamia ulkei, Coccinella fulgida, Anisosticta borealis. These

species, I believe, occupied the arctic and subarctic regions before glaciation, and with gradual

cooling of the environment during glacial periods, the suitable habitats expanded southward,

mainly along ranges of the Rocky Mountains. That the above species followed the habitat

seems very likely. Many of the invaders from the north became stranded in the alpine zone at

numerous places in the Rocky Mountains.

Source area 2. - Cordilleran refugia which included numerous southern Rocky Mountain

refugia (ca. 12%). This element is represented by montane and alpine taxa, e.g., Hyperaspis

jasperensis, Coccidula occidentalis, Calvia (Auisocalvia) qiiattiiordecimgiittata, Hippodamia am-

ericana, H. falcigera, H. oregonensis, H. washingtoni, Coccinella alia. These species, I believe,

survived the glaciation in nunatak areas throughout the Northern Rocky Mountains, and in

alpine zone of the Southern Rocky Mountains, and Sierra Nevada Mountains.

Areas 3 - 4. — Areas south of the ice-sheet, where the pre-glacial displaced British Columbia-

Albertan fauna survived, and from where the basically southern taxa subsequently dispersed

northward. This element represents the majority of species now found in both provinces (ca.

85%).

Table I summarizes composition of the fauna of western Canada and Alaska in reference

to probable areas of post-glacial origin, (Fig. 168, areas 1, 2, 3, 4), and lists the life zones pre-

sently occupied by species recorded. The Palaearctic species recently introduced to North Am-

erica are indicated by an asterisk (*). The species known from small areas in size are indicated

by a zero (0). It should be noted that some species survived the Pleistocene glaciation in sev-

eral areas. This is suggested by geographic variation in color and pattern, or both, in several

species. The color pattern variation is genetically determined, and thus geographically circum-

scribed variants imply genetic isolation. This can be explained by isolation of a population(s)

from the main gene pool elsewhere, and implies that the Rocky Mountains effectively isolated

several such populations during the Pleistocene glaciation on the west coast. For example,Coc-

cinella californica, C. trifasciata, C. novemnotata, all show geographic variation, (in reduction

of spots on elytra), generally restricted to the west coast. The possible influence of oceanic

climate does not cause the same effects on the Atlantic coast. Table II provides a summary of

a total number of Coccinellidae within the life zones in western North America, and a cross-

reference to postulated source areas of post-glacial dispersal.

TABLE I

LIFE ZONES AND SOURCE AREAS OF POST-GLACIAL DISPERSAL
OF COCCINELLIDAE IN WESTERN NORTH AMERICA

Species; Life zone; Source areas;

Coccinella fulgida AA H C 1 2

Hippodamia ulkei AA H C 1 2

Hippodamia arctica AA H C 1 2

Hippodamia americana AA H C 1 2

Hippodamia falcigera AA H C 1 2

Mulsantina hudsonica H C I 2

Anisosticta borealis AA H C 1 2

Hyperaspis jasperensis AA 2 (

Ana tis lecontei H T UA 2

Coccinella alta AA H C 2

Hippodamia oregonensis AA H C T 2

Didion longulum H T UA 3
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Table I (continued)

Species: Life zone: Source areas:

Stethorus picipes T UA 3

Scymnus (S.) phelpsi T UA 3

Scymnus (S.) caurinus T UA 3

Scymnus (P.) postpictus T UA 3

Scymnus (P.) ardelio T UA 3

Scymnus (P.) coniferarum T UA 3

Scymnus (P) rnarginicollis T UA 3

Scymnus (P.) calaveras T UA 3

Nephus georgei H C T 3

Hyperaspidius arcuatus T UA 3

Hyperaspis fastidiosa T UA 3

Hyperaspis postica T UA 3

Hyperaspis elliptica T UA 3

Hyperaspis oregona T UA 3

Hyperaspis simulatrix T UA 3

Hyperaspis lanei T UA 3

Hyperaspis dissoluta T UA 3

Exochomus aethiops T UA 3

Chilocorus tricyclus T UA 3 1

Anatis rathvoni T UA 3

Myzia subvittata T UA 3

Myzia horni T UA 3

Cycloneda polita T UA 3

Coccinella californica C T 3

Coccinella prolongata T UA 3

Hippodarnia caseyi T UA 3

Hippodamia apicalis T 3

Hippodarnia moesta T UA 3

Hippodamia lunatomaculata C T 3

Hippodamia washingtoni T 3

Psyllobora borealis C T 3

Scymnus (P.) lacustris C T 3 4

Coccidula occidentalis H C T 3 4

Anatis borealis H C T 3 4

Calvia quattuordeeimguttata AA H C T 3 4

Adalia bipunctata AA H C T UA 3 4

Coecinella monticola AA H C T UA 3 4

Coccinella transversoguttata AA H C T UA 3 4

Coccinella hieroglyphica AA H C T UA 3 4

Coccinella trifasciata AA H C T 3 4

Microweisea marginata C T UA LA 4

Microweisea misella C T UA LA 4

Didion nanus T UA 4

Didion punctatus T UA LA 4

Scymnus (S.) apicanus T UA LA 4

Scymnus (S.) paracanus T UA LA 4
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Table I (continued)

Species: Life zone: Source areas

Scymnus (S.) opaculus T UA LA 4

Nephus oniatus T UA 4

Nephus sordidus T UA LA 4

Hyperaspidius vittigerus T UA LA 4

Hyperaspis lateralis T UA LA 4

Hyperaspis fimb riola ta T UA LA 4

Hyperaspis quadrivittata T UA LA 4

Hyperaspis undulata T UA LA 4

Hyperaspis lugubris T UA LA 4

Brachiacantha ursina T UA LA 4

Chilocorus stigma T UA LA 4

Brumoides septentrionis T UA LA 4

Myzia pullata C T UA 4

Olla v-nigrum T UA LA 4

Coccinella novemnotata T UA LA 4

Hippodamia convergens T UA LA 4

Hippodamia glacialis T UA LA 4

Hippodamia parenthesis T UA LA 4

Hippodamia qidnquesignata T UA LA 4

Hippodamia sinuata T UA LA 4

Macronaemia episcopalis T UA LA 4

Hippodamia tredecimpunctata T UA LA 4

Mulsantina picta T UA LA 4

Anisosticta bitriangularis T UA LA 4

Psyllobora vigintimaculata T UA LA 4

Chilocorus hexacyclus T 4

Scymnus (P.) carri T 4

Hyperaspidius hercules T 4

Scymnus (P.) aquilonarius T UA 4

Stethorus punctillum* T

Coccinella undecimpunctata* T UA

Summary of Table I

Totals:

Source areas ( 1) = 7; (2) = 1 1 ; (3) = 41 ; (4) = 44; (0) = 8;

Life zones: AA = 1 5; H = 20; C = 20; T = 80; UA = 66; LA = 28.

359

Quaest. Ent., 1976 12(4)



360 Belicek

TABLE II

SUMMARY OF A NUMBER OF SPECIES OF COCCINELLIDAE WITHIN THE
LIFE ZONES IN WESTERN NORTH AMERICA

Source Areas AA
Life Zones

H C T UA LA

1 6 7 7 - - -

2 9 11 9 0
1 -

3 6 10 13 41 30 -

4 6 8 12 44 36 28

0 - - - 7 3 -

Total 27 36 41 94 70 28

Transmontane relationships between British Columbia and Alberta

One of the aspects of analyses of transmontane relationships between the fauna of British

Columbia and Alberta was to compare distribution across the Rocky Mountains of closely re-

lated species, to evaluate the effectiveness of mountainous barriers: (1) to dispersal; and (2)

in reference to speciation, i.e., vicariance of species groups restricted to the west or east of

the Rocky Mountain Trench.

Dispersal potential of coccinellids and vicariance. - It is necessary to consider the potential

of coccinellids to disperse across barriers, e.g., large bodies of water, high mountain ranges, or

vast areas of unsuitable habitats. In this respect, the power for dispersal of adults is exceeding-

ly great. This ability is the result of strong flight muscles and functional wings. Adults of all

species studied by me were found to possess fully developed functional wings. Coccinellids

in general are good and habitual fliers. The best example to illustrate this power of dispersal

that I can provide is that specimens of Hippodamia convergens were captured in flight on the

top of Mount Evans in Colorado (elevation 14,600 ft).

Four major pathways through the Rocky Mountains could have been used for eastward

movement of western species or vice versa. These are (Fig. 1 93): A - Upper Peace River pass;

B - Yellowhead pass; C - Banff National Park Pass; D - Crowsnest Pass; and E - Waterton Na-

tional Park Pass.

The Crowsnest Pass (D) appears to be the most important route for eastern species which

have expanded their ranges westward, e.g., Chilocorus species. Distribution records of several

species (Fig. 88-167) suggest that species with primarily western distribution, e.g., Anatis ra-

thvoni, A. lecontei, Myzia oregona, M. horni (Fig. 127, 129-131) penetrate eastward only in

a narrow corridor in southwestern Alberta, Waterton National Park area (Fig. 193E). From

erratic distribution records, I assume that these are incidental, most probably wind-blown

strays. Other records, e.g., a single specimen of C. californica from Alberta (Fig. 142), are

most likely specimens transported by human activity. Wingo (1952) reported specimens of

this species from Iowa and Missouri, and suggested that these were carried there with ship-

ments of fruits and vegetables. Brown (1962) reported a single specimen from Oklahoma.

The transport by human activity is the most plausible explanation for single records of adults
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recorded far away from normal species range. No larvae were found at any of these localities.

The best documented example of vicariance is the species of the genus Chilocorus studied

by Smith (1959, 1962, 1 966). Smith ( 1 966) studied hybridization between two sister-species,

C tricyclus (Saskatchewan, southern Alberta species), and C. hexacycliis (interior British Col-

umbia species). C tricyclus invaded C. hexacychis territory through Crowsnest Pass (4,463 ft;

1361 m) borne on prevailing westerly winds. Both species hybridize in a narrow zone of the

Crowsnest River valley (Fig. 193E). Smith (1966) estimated segregational sterility in this zone

to be ca. 40%.

The vicariance between Psyllobora borealis and P. vigintimacidata is more difficult to eval-

uate because the two species are sympatric. Nonetheless, P. borealis is restricted to the west

of the Rocky Mountains (Fig. 167), and P. vigintimacidata ranges widely in North America

(Fig. 166). The two overlap in their distribution over the entire range of P. borealis. No in-

trogression or hybridization was reported in the literature, and from my observations I am
reluctant to suggest that it exists. The genus Psyllobora is most probably of Tertiary origin,

suggested by the relatively high number of species included, and there is not any need to in-

voke the hypothesis that the Pleistocene glaciation has had anything to do with speciation in

this primarily Middle American genus. In other genera, vicariance is not possible to evaluate,

because relationships among species are not established.

The Rocky Mountains are not a sigificant dispersal barrier for species now isolated on either

side of the Rocky Mountain Trench. A relatively large number of species range widely in North

America, and the Rocky Mountains seem to have little effect on their distribution. From this

I assume that, given the same potential for dispersal to all species, there are other factors in-

volved, which prevent the western species to extend their distribution ranges eastward. This

is clearly evident from the distribution maps (Fig. 88-167), a map of life zones (Fig. 169), and

Tables I and II. For example, the Canadian, Hudsonian, or Transition zones, which are availa-

ble on both sides of the Rocky Mountains, are occupied by some species restricted to only

one side of the mountains. Some of these factors are ecological, but other (not understood by

me) must be involved also. It is significant to note that the widely ranging species exhibit pro-

nounced geographic variation in color, color pattern or both. The only passage where western

species occasionally invade areas east of the Rockies is the Waterton National Park area (Fig.

193E). The particular combination of physiographic features in the Waterton National Park

area results in a distinctive local climate. Waterton has the warmest winters in Alberta, the

highest snow and rain precipitation. The effect of strong, southwesterly prevailing winds is

most noticeable on trees. For the other mountain passes (Fig. 193A, B, C) there is no evidence

to suggest that they have served as important dispersal routes between the fauna of Alberta and

British Columbia. Penetration of eastern species into British Columbia territory is well docu-

mented (Smith, 1966) for several species, e.g., Chilocorus tricyclus, C. hexacychis com.plex

(Fig. 122-124). The fact that the ranges of these species are parapatric, and the two hybridize

in the suture zone of contact, leads me to suggest that the differentiation process between C.

tricyclus, and C. hexacyclus is not completed yet, and therefore of recent origin. Thus, species

of this group are an exception to the general statement made earlier, and have evolved (differ-

entiated) as a direct result of the Pleistocene glaciation.

Conclusions

I. — The coccinellid portion of the beetle fauna of western Canada and Alaska is represen-

ted by 88 recorded species. Twenty five species are recorded from Alaska, Yukon and North-

west Territories (north of 60° parallel). Sixty four species are recorded from Alberta, and 75

from British Columbia (87 including species not studied, but reliably recorded from southern

British Columbia). Of these, nine species represent the Palaearctic element of the fauna (in-

troduced or circumpolar Holarctic species). Three species are recorded as arctic-subarctic en-
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demic species, known from northern North America only. Four species, recorded as alpine

endemics, are restricted to the alpine zone of the Rocky Mountains. Thirty five species are

restricted to the west of the Rocky Mountains. Only five species are recorded as endemic to

the prairie/grassland region, southeast of the Rocky Mountains. The remaining species range

widely in North America, and in some instances also Middle and South America. The major-

ity of widely ranging species are polymorphic, with pronounced geographic variation in color,

maculation pattern, or both. Based on the above composition of this fauna, and assuming much
slower evolutionary rates than generally believed, I postulate that the present coccinellid fau-

na of western Canada and Alaska is most probably derived post-glacially from the North Am-
erican Tertiary fauna. This is suggested by a pronounced continental endemism at the species

level; of the 88 species recorded, 75 (84.4%) are strictly North American species. At generic

level, the affinity of the North American fauna is primarily with the Palaearctic Region. More

than 71% genus-group taxa are common to the Holarctic Region.

2. - The post-glacial source areas (Fig. 168), from which the present fauna is derived, are

postulated to be from areas south of the southern limits of glaciation (ca. 85%), with minor

refugial elements which survived glaciation in situ, i.e., Cordilleran, Rocky Mountains refugia

(ca. 12%), and the Beringian refugium (ca. 3%).

3. — The Rocky Mountains are not an effective barrier to dispersal of coccinellids. The adults

of all species studied possessed fully developed functional wings, and coccinellids are general-

ly strong and habitual fliers, capable to disperse by flight over the highest peaks of the Rocky

Mountains. The endemism of some species restricted to areas on either side of the Rocky Mount-

ains is most probably controlled by ecological and other factors. This hypothesis is supported

by the inability of species to establish breeding populations when transported across the mount-

ains with shipments of fruits and vegetables. The Rocky Mountains played a significant role

in the development of the North American coccinellid fauna, mainly as a source of new habi-

tats. The new habitats were created not only with the orogenesis of the Rocky Mountains

themselves, but also as a result of altered weather patterns in most of the western North Am-

erica. The influence of the Pleistocene glaciation on the composition of the coccinellid fauna

was relatively insignficant. The effects of glaciation on distribution were profound.
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Fig. 1-12. Habitus and maculation. I, Microweisea misella (LeConte); 2, Stethorus picipes Casey; 3, Didion longulum Casey;

4, D. punctatum (Melsheimer); 5, Scymnus (Scymnus) apicanus Chapin; 6, S. (Pullus) postpictus Casey; 7, S. (P.) lacustris

LeConte; 8, Nephus georgei^eis^ 9, N. ornatus LeConte; 10, Scymnus (Pullus) coniferarum Crotch; 11, S. (P.) ardelio Horn;

12, Hyperaspidius vittigems (LeConte).



Fig. 13-19. Habitus and maculation. \3, Hyperaspis fastidiosa Casey; 14, H. fimbriolata (Melsheimer); 15, H. dissoluta Crotch

16, H. arcuatus (LeConte); 17, H. lateralis Mulsant; 18, H. lateralis Mulsant; 19, H. lateralis Mulsant.
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Fig. 20-35. Habitus and maculation. 20, Hyperaspis oregona Dobzhansky; 21, annexa LeConte; 22, H. quadrivittata Le-

Conte; 23, H. elliptica Casey; 24, H. postica LeConte; 25, H. undulata (Say); 26, H. lanei Hatch; 27, H. simulatrix Dobzhansky;

28, H. jasperensis, new species; 29, H. lugubris (Randall); 30, H. levrati Mulsant; 31, Brachiacantha ursina (Fabricius); 32,

Exochomus aethiops (Bland); 33, Chilocoms stigma (Say); 34, Brumoides septentrionis (Weise); 35, Coccidula occidentalis

Horn.
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36 37 38

Fig. 36-45. Habitus and maculation. l>6,Anatis borealis, new species; 37, v4- lecontei Casey; 38, A. rathvoni (LeConte); 39,

Myzia subvittata (Mulsant); 40,M horni Crotch; 41,M pullata (Say); 42, 42A, 42B, Calvia quatuordecimguttata (Linnaeus);

43A, 43B, Adalia bipunctata (Linnaeus); 44, Olla v-nigrum (Mulsant); 45, Cycloneda polita Casey.

Quaest. Ent., 1976 12(4)
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Fig. 46-62. Habitus and maculation. 46, Coccinella alta Brown; 47, C. novemnotata Herbst; 48, C undecimpunctata Linnae-

us; 49, C. prolongata Crotch; 50, C. transversoguttata Mulsant; 51, C. californica Mannerheim; 52, C. trifasciata Linnaeus;

53, C. fulgida Watson; 54, C. californica Mannerheim; 55, Hippodamia arctica (Schneider); 56, H. americana Crotch; 57, H.

ulkei (Crotch); 58, Coccinella hieroglyphica Linnaeus; 59, Hippodamia falcigera Crotch; 60, H. caseyi Johnson; 61, H. con-

vergens Gudrin-MdneviUe; 62, H. apicalis Casey.



Fig. 63-78. Habitus and maculation. 63, Hippodarnia glacialis (Fabricius); 64, H. moesta LeConte; 65,//. oregonensis Crotch;

66, H. parenthesis (Say); 67, H. quinquesignata (Kirby); 68, H. sinuata Mulsant; 69, H. washingtoni Timberlake; 70, H. tred-

ecimpunctata (Linnaeus); 71, lS,Anisosticta bitriangularis (Say); 12, Mulsantina hudsonica (Casey); 13, M. picta (Randall);

74, Macronaemia episcopalis (Kirby); 75, Anisosticta bitriangularis (Say); 76, Anisosticta borealis Timberlake; 77, Psyllobora

vigintimaculata (Say); 78, P. borealis Casey.
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Fig. 79-87. Pronotal microsculpture. Fig. 87. Elytral microsculpture. 79, Coccinella transversoguttata Mulsant; 80, Calvia

decemguttata (Linnaeus); 81, Calvia (Anisocalvia) quattuordecimguttata (Linnaeus); %l,Adalia bipunctata (Linnaeus); 83,

Hippodamia tredecimpunctata (Linnaeus); S4, Hyperaspis sp.; S5,Adalia bipunctata (Linnaeus); 86, Olla v-nigrum (Mulsant);
= O. abdominalis (Say); 87, Hyperaspis sp.. Scale: Fig. 79-83, 85-86, (6 mm = SfJL ). Fig. 84, 87; (6 mm = 20jU).
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Fig. 88-94. Maps illustrating Neaxctic distributions. 88, Microweisea misella (LeConte); 89, Didion longulum Casey; 89, D.

punctatum (Melsheimer); 90, Stethorus punctillum Weise; 90, S. picipes Casey; 91, Scymnus (Scymnus) phelpsi Crotch; 92,

S. (S.) apicanus Chapin; 93, S. (S.J paracanus Chapin; 94, S. (S.) opaculus Horn.

Quaest. Ent., 1976 12(4)
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Fig. 95-101. Maps illustrating Nearctic distributions. 95, Scymnus (Pullus) postpictus Casey; 96, S. (P.) aquilonarius Gor-
don; 96, S. (P.) cam Gordon; 97, S. (P.) ardelio Horn; 98, S. (P.) coniferanim Crotch; 99, S. (P.) lacustris LeConte; 100, S.

(P.) marginicollis Mannerheim; 101, 5. (P.) calaveras Casey.
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Fig. 102-107. Maps illustrating Nearctic distributions. \Q2, Nephus georgeiy^&h^\ 103, Hyperaspidius arcuatus (LeConte);

104, H. Hercules, new species; 105, Nephus ornatus LeConte; 106, A^. sordidus Horn; 107, Hyperaspidius vittigerus (LeConte).

Qmest. Ent, 1976 12(4)
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Fig. 108-114. Maps, illustrating Nearctic distributions. 108, Hyperaspis lateralis Mulsant; 109, H. fastidiosa Casey; 110,//.

postica LeConte; 111,//, elliptica Casey; 112,//. fimhriolata (Melsheimer); 113,//. quadrivittata LeConte; 114,//. undulata

(Say).
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Fig. 115-120. Maps illustrating Nearctic distributions. 115, Hyperaspis oregona Dobzhansky; 116, H. simulatrix Dobzhansky;

117,//. /ane/ Hatch; 118, H. dissoluta Crotch-, 119, H. lugubris (Randall)-, 120, Brachiacantha ursina (Fabricius).

Quaest. Ent., 1976 12(4)
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Fig. 121-126. Maps, illustrating Nearctic distributions. Ill, Exochomus aethiops (Bland); 122, Chilocorus tricyclus Smith;
123, C hexacyclus Smith; 124, C. stigma (Say); 125, Brumoides septentrionis (Weise); 126, Coccidula occidentalis Horn.
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Fig. 127-134. Maps, illustrating Nearctic distributions. \21 , Anatis lecontei Casey; 128, /4. borealis, new species; 129, A. rath-

voni (LeConte); 130, Myzia subvittata (Mulsant); 131,M horni Crotch; 132,M pullata (Say); 133, Calvia quattuordecimgut-
tata (Linnaeus); \3A, Adalia bipunctata (Linnaeus).

Quaest. Ent., 1976 12(4)
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Fig. 135-140. Maps, illustrating Nearctic distributions. 135, Olla v-nignim (Mulsant); 136, Cycloneda polita Casey; 137, Coc-

cinella alta Brown; 138, C. monticola Mulsant; 139, C. transversoguttata Falderman; 140, C. hieroglyphica Linnaeus.
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Fig. 141-147. Maps illustrating Nearctic distributions. 141, Coccinella novemnotata Herbst; 142, C. californica Mannerheim;

143, C. prolongata Crotch; 144, C. fulgida Watson (•); 144, C. undecimpunctata Linnaeus (A); 145, C. trifasciata Linnaeus;

\46, Hippodamia ulkei (Crotch); 141, H. arctica (Schneider).

Quaest. Ent., 1976 12(4)
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Fig. 148-155. Maps, illustrating Nearctic distributions. 14S, Hippodamia americana Ciotch\ 149, U. caseyi Johnson; 150, H.

apicalis Casey; 151, H. moesta LeConte; 152, H. convergens Gudrin-MdneVille; 153, H. falcigera Crotch; 154, H. oregonensis

Crotch; 155, H. glacialis (Fabricius).
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Fig. 156-161. Maps, illustrating Nearctic distributions. 156, Hippodamia parenthesis (Say); 157,//. quinquesignata (Kirby);

158,//. sinuata Mulsant; 159,//. Timberlake; 160, Macronaemia episcopalis (Kirby); 161, Hippodamia tredecim-

punctata (Linnaeus).

Quaest. Ent., 1976 12(4)
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Fig. 162-167. Maps, illustrating Nearctic distributions. 162, Mulsantina picta (Randall); 163,M hudsonica (Casey); 164,

Anisosticta bitriangularis (Say); 165, A. borealis Timberlake; 166, Psyllobora vigintimaculata (Say); 167, P. borealis Casey.



Coccinellidae of Western Canada and Alaska 395

168

Fig. 168. Maximum extent of Wisconsin glaciation (ca. 17 - 18,000 years BP), and source areas of post-glacial

dispersal. Speculative ice-margin positions of Wisconsin and recent ice-sheets adapted and modified from the Geo-

logical Survey of Canada (1969) map No. 12574.

Quaest. Ent., 1976 12(4)
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Fig. 169. Life zones of North America. Delineation of life zones adapted from Howe (1975).



Coccinellidae of Western Canada and Alaska 397

Fig. 170-172. Male genitalia and spermatheca of: 170, Hyperaspidius Hercules, new species, 170A. - spermatheca; 170B -

median lobe (lateral aspect); 170C - tegmen (lateral aspect); 170D - basal lobe (dorsal aspect). 171, Hyperaspis jasperensis,

new species, 171A - tegmen (lateral aspect); 171B - median lobe (lateral aspect); 171C - basal lobe (dorsal aspect); 171D -

spermatheca. 172, Anatis borealis, new species, 172A - median lobe (lateral aspect); 172B - tegmen (lateral aspect); 172C -

basal lobe (dorsal aspect); 172D - spermatheca.

Quaest. Ent., 1976 12(4)
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Fig. 173-180. Scanning Electron Micrographs of; 173, Hind leg, Hyperaspis annexa LeConte; 174, Hind leg, H. lateralis Mul-

sant; 175, Antenna, Hyperaspidius insignis Casey; 176, Front leg, Brachiacantha dentipes; 111, Antenna, Hyperaspis lateralis

Mulsant; 178, Antenna, H. annexa LeConte; 179, Metacoxal arc, right \ Hyperaspidius insignis Casey; 180, Metacoxal arc,

left side; H. insignis Casey.
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Fig. 181-188. Scanning Electron Micrographs. 181, Tarsal claws, Hyperaspis lateralis Mulsant; 182, Tarsal claws, Hyperaspidius

insignis Casey; 183, Tarsal claws, Brachiacantha dentipes (Fabricius); 184, Tarsal claws, B. dentipes (Fabricius); 185, Tarsal

claws, Hyperaspis lateralis Mulsant; 186, Tarsal claws,//, annexa LeConte; 187, Tarsal claws,//, annexa LeConte; 188, Tarsal

claws, H. lateralis Mulsant.

Quaest. Ent., 1976 12(4)
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J

189

192
Fig. 189. Hind wing, Hippodamia oregonensis Crotch. Fig. 190. Taxsm, Hyperaspis jasperensis, new species. Fig. 191. Labium,

Hyperaspis jasperensis, new species. Fig. 192. Antenna, Hippodamia oregonensis Crotch. (Fig. 190, 191 traced from SEM micro-

graphs)
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Fig. 193. Dispersal routes between Alberta and British Columbia: A - Upper Peace River Pass. B - Yellowhead Pass. C - Banff

National Park Pass. D - Crowsnest Pass. E - Waterton National Park Pass.

Quaest. Ent., 1976 12(4)
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Index to Names of Taxa

(Junior Synonyms and Junior Homonyms are in Italics)

SPECIES
abdominalis arizonae Casey, Olla, 329

abdominalis Say, Coccinella, 329

abdominalis (Say), Olla, 382

aetiuops Bland, Coccinella, 320

aethiops (Bland), Exochomus, 320, 358,

378, 388

aethiops Korschefsky, Briimiis, 320

albifrons Say, Coccinella, 317

alpina Paykull, Amara, 355

alta Brown, Coccinella, 291, 332, 333, 355,

357, 380, 390

alutacea Casey, Coccinella, 333

annectans Crotch, Coccinella, 328

ambigua LeConte, Hippodamia, 345

americana Crotch, Hippodamia, 340, 341,

342, 356, 357, 380, 392

amoena Falderman, Adonia, 344

amoena Falderman, Hippodamia, 344

annexa LeConte, Hyperaspis, 310, 316,

378, 398, 399

apicalis Casey, Hippodamia, 339, 341, 343,

344, 358, 380, 392

apicalis tricolor Nunenmacher, Hippodamia,

344

apicanus borealis Gordon, Scymnus (S.),

301

apicanus Chapin, Scymnus (S.), 301, 358,

376, 383

aquilonarius Gordon, Scymnus (P.), 305,

359, 384

arctica (Schneider), Adonia, 344

arctica Schneider, Coccinella, 344

arctica (Schneider), Hippodamia, 340, 341,

344, 355, 357, 380, 391

arcuata LeConte, Hyperaspis, 309

arcuatus (LeConte), Hyperaspis, 311, 385

arcuatus (LeConte), Hyperaspidius, 308,

309, 316, 358

ardelio Horn, Scymnus (P.), 304, 305, 358,

376, 384

aridus Casey, Scymnus (P.), 303

barda LeConte, Coccinella, 337

barovskii Semenov & Dobzhansky, Spiladel-

pha, 338

bicordifera Casey, Anisocalvia, 327

binotata Say, Hyperaspis, 364

biocidata Say, Coccinella, 328

bipunctata (Linnaeus), Adalia, 328, 358, 370,

379, 382, 389

bipunctata Linnaeus, Coccinella, 328

bisignatiis Horn, Scymnus, 307

bitriangularis (Say), Anisosticta, 349, 359,

381, 394

bitriangularis Say, Coccinella, 352

bivulnerus Mulsant, Chilocorus, 319

borealis Belicek n.sp., Anatis, 283, 322, 333,

358, 379, 389, 397

borealis Casey, Psyllobora, 353, 356, 361,

381, 394

borealis Timberlake, Anisosticta, 349, 352,

357, 381, 394

bowditchi Johnson, Hippodamia, 347

bridwelli Nunenmacher, Coccinella, 337

cacti Linnaeus, Coccinella, 3 1

8

Calaveras Casey, Scymnus (P.), 306, 358, 384

californica Mannerheim, Coccinella, 331, 332,

336, 356, 357, 358, 360, 380, 391

californicus Casey, Exochomus, 321

cardisce Randall, Coccinella, 327

carri Gordon, Scymnus (P.), 303, 304, 359,

384

caseyi Johnson, Hippodamia, 340, 341, 348,

358, 380, 392

caurinus Horn, Scymnus (S.), 301, 303, 358

cockerelli Johnson, Hippodamia, 348

coloradana Casey, Hyperaspis, 315

coloradensis Casey, Adalia, 328

complex Casey, Hippodamia, 349

concinnata Melscheimer, Coccinella, 350

congruens Casey, Brachyacantha, 317

coniferarum Crotch, Scymnus (P.), 303, 305,

358, 376, 384

contexta Mulsant, Cleis, 351

contexta Mulsant, Harmonia, 350

convergens caseyi Johnson, Hippodamia, 348

convergens Guerin-Meneville, Hippodamia,

340, 341, 347, 359, 360, 368, 374, 375,

380, 392

convergens var. obsoleta Crotch, Hippodamia,

347

cottlei Nunenmacher, Ceratomegilla, 342

crotchi Casey, Hippodamia, 349
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decemguttata (Linnaeus), Calvia, 382

decemguttata Linnaeus, Coccinella, 326

degener Casey, Coccinella, 334

dentipes Fabricius, Coccinella, 317

dentipes (Fabricius), Brachiacantha, 317,

398, 399

difficilis (not Crotch), Coccinella, 335

disjiincta Randall, Coccinella, 328

dispar Casey, Hippodaniia, 348

dissoluta Crotch, Hyperaspis, 31 1 , 315, 358,

377, 387

duodecimmaculata Gebler, Coccinella, 327

elegans Midsant, Hyperaspis, 314

elliptica angustula Casey, Hyperaspis, 313

elliptica Casey, Anisocalvia, 327

elliptica Casey, Hyperaspis, 31 1, 313, 358,

378, 386

ephippiata Zetterstedt, Coccinella, 333

episcopalis Kirby, Coccinella, 349

episcopalis (Kirby), Macronaemia, 349, 359,

381, 393

cry throcephala Fabricius, Coccinella, 309

erythronotum Gordon, Scymnus ( P.), 303

expurgata Chapin, Hippodamia, 344

extensa Midsant, Hippodamia, 346

eugenii Midsant, Coccinella, 337

falcigera Crotch, Hippodamia, 339, 341, 342

343, 356, 357, 380, 392

fastidiosa Casey, Hyperaspis, 31 1, 312, 358,

377, 386

fastidiosa septentrionis Dobzhansky, Hyper-

aspis, 3 1

2

felschei Weise, Smilia, 296

fenestralis Casey, Olla, 329

fimbriolata (Melsh.), Hyperaspis, 311,313,

359, 377, 386

franciscana Midsant, Coccinella, 334

frigida (Schneider), Coccinella, 328

frontalis Fabricius, Coccinella, 300

fulgida Watson, Coccinella, 332, 335, 357,

380, 391

georei (Weise), Nephus, 306, 307, 358, 376,

385

georgei Weise, Scymnus, 307

glacialis Fabricius, Coccinella, 346

glacialis (Fabricius), Hippodamia, 340, 341,

346, 359, 381, 392

glacialis mackenziei Chapin, Hippodamia,

346

hercules Belicek n.sp., Hyperaspidius, 283,

308, 356, 359, 385, 397

hexacyclus Smith, Chilocorus, 318, 319, 356,

359, 361, 388

hieroglyphica humboldtiensis, Coccinella,

335, 358

hieroglyphica Linnaeus, Coccinella, 331, 332,

333, 380, 390

hoppingi Nimenmacher, Hippodamia, 346

hornii Crotch, Mysia, 326

horni (Crotch), Myzia, 325, 326, 358, 360,

379, 389

hudsonica Casey, Cleis, 351

hudsonica (Casey), Mulsantina, 357, 381, 394

humboldti Casey, Scymnus (P.), 303

humboldtiensis Nimenmacher, Coccinella,

334

humeralis Say, Coccinella, 328

idae Nimenmacher, Hyperaspis, 3 1

2

immaculatus Hatch, Hyperaspidius, 309

impletus Gordon, Scymnus (P.), 303

impressa Casey, Coccinella, 333

incarnata Kirby, Coccinella, 327

inflexa Casey, Hyperaspis, 313

insignis Casey, Hyperaspidius, 308, 398, 399

interrupta Casey, Ncornysia, 326

iowensis Casey, Scymnus (P.), 303

jasperensis Belicek n.sp., Hyperaspis, 283,

291, 310, 316, 357, 378, 397, 400

johnsoni Casey, Coccinella, 336

jiiliana Midsant, Coccinella, 337

jimcta Casey, Hippodamia, 347

jucunda LeConte, Hyperaspis, 316

kirbyi Crotch, Coccinella, 334

labiculata “var. a” Say, Coccinella, 323

lacustris Casey, Anisocalvia, 327

lacustris LeConte, Coccinella, 333

lacustris LeConte, Scymnus (P.), 303, 304,

305, 358, 376, 384

laevipennis Casey, Hyperaspis, 31

1

lanei Hatch, Hyperaspis, 31 1, 315, 358, 378,

387

lateralis Mulsant, Hyperaspis, 31 1, 359, 377,

386, 398, 399

lecontei Mulsant, Hippodamia, 346

lecontei Casey, Anatis, 322, 323, 357, 360,

379, 389

lecontii Crotch, Hyperaspis, 316

lengi Johnson, Hippodamia, 344
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lepida LeConte, Coccidiila, 321

lepida var. sutumlis Weise, Coccidula, 321

leporina Mulsant, Hippodarnia, 345

levrati Mulsant, Hyperaspis, 310, 378

lilliputana Casey, Hippodarnia, 348

limbalis Casey, Hyperaspis, 313

lineola Fabricius, Coccinella, 352

longiilum Casey, Didion, 299, 357, 376, 383

lugubris Randall, Coccinella, 316

lugubris (Randall), Hyperaspis, 311, 315, 316.

359, 378, 387

lunatomaculata dobzhanskyi Chapin, Hippo-

damia, 345

lunatomaculata expurgata, Timberlake, Hip-

podamia, 344

lunatomarginata expurgata Korschefsky, Hip-

podamia, 344

lunatomarginata Korschefsky, Hippodarnia,

345

lunatomaculata Motschulsky, Hippodarnia,

339, 341, 343, 345, 356, 358

lynx Mulsant, Cleis, 350

maculata DeGeer, Coccinella, 338

maculifera Melscheimer, Hyperaspis, 314

mali(Say), Anatis, 322, 323

mali “var. a” Say, Coccinella, 323

mannerheimi Mulsant, Coccinella, 334

marginata Fabricius, Coccinella, 330

marginata (LeConte), Microweisea, 297,

358, 373

marginata LeConte, Pentilia, 297

marginicollis Mann., Scymnus (P.), 303,

304, 358

marginicollis borealis Hatch, Scymnus (P.),

304

melanopheura LeConte, Coccinella, 328

minima Rossi, Coccinella, 297

minor Casey, Cleis, 350

minuta Casey, Olla, 329

mirifica Mulsant, Cleis, 350

missela (LeConte), Microweisea, 297, 358,

376, 383

misella LeConte, Pentilia, 297

modesta Melsheimer, Hippodarnia, 347

moerens LeConte, Oxynychus, 309

moesta LeConte, Hippodarnia, 340, 341,

347, 358, 381, 392

montana Casey, Neomysia, 325

montanica Casey, Hyperaspis, 31

1

monticola alutacea Johnson, Coccinella, 333

monticola biguttata Johnson, Coccinella, 333

monticola confluenta Johnson, Coccinella,

333

monticola Mulsant, Coccinella, 331, 332, 333,

335, 358, 390

monticola postica Johnson, Coccinella, 333

monticola sellica Johnson, Coccinella, 333

mormonicus Casey, Exochomus, 320

mulsanti LeConte, Hippodarnia, 345

multiguttata Randall, Coccinella, 352

munda Say, Cycloneda, 330

mutabilis Scriba, Coccinella, 338

nanus (LeConte), Didion, 299, 300, 358

nanus LeConte, Scymnus, 300

naviculatus Casey, Scymnus, 307

nevadica Casey, Coccinella, 333

nigrinus Kugelann, Scymnus, 300

nigromaculata Goeze, Coccinella, 319

nigromaculata Nunenmacher, Adalia, 344

nivicola monticola Dobzhansky, Coccinella,

333

notans Randall, Coccinella, 325

novemnotata Herbst, Coccinella, 331, 334,

336, 357, 359, 371, 380, 391

novendecimpunctata Fabricius, Coccinella,

351

novendecimpunctata Linnaeus, Coccinella,

351

nugatoria Leng, Coccinella, 335

obliqua Casey, Hippodarnia, 345

obliqua Randall, Coccinella, 327

oblonguguttata Linnaeus, Coccinella, 324

oblongoguttata (Linnaeus), Myzia, 325

oblongus Casey, Hyperaspidius, 309

occidentalis Horn, Coccidula, 321, 357, 358,

378, 388

ocellata (Linnaeus), Anatis, 323, 324

ocellata Linnaeus, Coccinella, 322

opaculus Horn, Scymnus (S.), 301, 302, 383

oregona Casey, Neomysia, 325

oregona Dobzhansky, Hyperaspis, 358, 378,

387

oregonensis Crotch, Hippodarnia, 348, 381,

392, 400

ornatella Casey, Adalia, 328

ornatus LeConte, Nephus, 376, 385

opaculus Horn
,
Scymnus (S.), 359

ophthalmica Mulsant, Adalia, 328
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oregona borealis Dobzhansky, Hyperaspis,

314

oregona Dobzhansky, Hyperaspis, 311,314

oregona Casey, Myzia, 360

oregonensis Crotch, Hippodamia, 291, 340,

341, 355, 357

ornatus (LeConte), Nephus, 307, 359

ornatus LeConte, Scymmis
,
307

ovalis LeConte, Pentilia, 296

ovipennis Casey, Adalia, 328

ovoideus Casey, Exochomus, 320

paracanus Chapin, Scymnus(S.), 301, 302,

358, 383

paracanus linearis Gordon, Scymnus (S.),

302

parenthesis Casey, Hippodamia, 345

parenthesis expurgata Casey, Hippodamia,

344

parenthesis Mulsant, Adonia, 343

parenthesis Say, Coccinella, 343

parenthesis (Say), Hippodamia, 339, 341,

343, 359, 381, 393

parva Brown and de Ruette, Ceratomegilla,

340

parva Watson, Hippodamia, 340

parvicollis Casey, Exochomus, 320

perplexa Mulsant, Coccinella, 337

phelpsi Crotch, Scymnus (S.), 301, 302,

358, 383

picipes Casey, Stethorus, 298, 299, 358,

376, 383

pic ta Randall, Coccinella, 350

picta (Randall), Mulsantina, 350, 359, 381,

394

pinguis Casey, Hyperaspis, 3 1

1

plagiata Casey, Olla, 329

polita Casey, Cycloneda, 330, 358, 379,

390

polita flava Timberlake, Cycloneda, 330

politissima Casey, Hippodamia, 347

postica LeConte, Hyperaspis, 311, 312,

314, 358, 378, 386

postica Mulsant, Coccinella, 333

postpictus Casey, Scymnus (P.), 302, 303,

304,358,376,384 _
postplagiata Casey, Anisocalvia, 327

praticola Dejean, Hippodamia, 347

prolongata Crotch, Coccinella, 331, 337,

358, 380, 391

prolongata sequioae Dobzhansky, Coccinella,

337

pullata Say, Coccinella, 324, 325

pullata(Say), Myzia, 325, 326, 359, 379,

389

punctatum (Melsh.), Didion, 299, 300, 376,

383

punctatus Melsh., Scymnus, 300

pimcticollis Casey, Hippodamia, 348

punctillum Weise, Stethorus, 297, 298, 356,

359, 372, 383

piinctulata LeConte, Hippodamia, 345

punctum (LeConte), Stethorus, 298, 372

quadrilunata Illiger, Coccinella, 306

quadrimaculata Herbst, Coccinella, 306

quadrioculata (Motschulsky), Hyperaspis, 315

quadripunctata Melsheimer, Brachyacantha,

375

quadripustulata Linnaeus, Coccinella, 3 1

9

quadrisignata Casey, Anisocalvia, 327

quadrivittata LeConte, Hyperaspis, 310, 313,

359, 378, 386

quattuorodecimguttata(,L.)Calvia (Anisoscalvia),

357, 363, 382

quattuorodecimguttata (L.), Calvia, 327,

358, 389

quattuorodecimguttata Linnaeus, Coccinella,

326, 327

quindecimpunctata DeGeer, Coccinella, 324’

quindecimpunctata Provancher, Anatis, 323

quinquenotata Fitch, Coccinella, 333

quinquenotata Kirby, Coccinella, 333

quinquesignata Hope, Hemisphaerica, 345

quinquesignata Kirby, Coccinella, 338

quinquesignata (Kirby), Hippodamia, 340,

341^ 345, 347, 359
,
374

, 381, 393

randalli Casey, Neornysia, 325

rathvoni (LeConte), Anatis, 322, 323, 358,

360, 379, 389

rathvoni lecontei Leng, Anatis, 323

rathvoni LeConte, Myzia, 323

reppensis Herbst, Coccinella, 309

reppensis Herbst, Hyperaspis, 310

rhatvoni Malkin, Anatis, 323

rufomarginata Mulsant, Hyperaspis, 313

rufus Herbst, Dermestes, 321

sanguinea Linnaeus, Coccinella, 330

sayi Crotch, Cycloneda, 329

scutellata Herbst, Chrysomela, 321
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separata Casey, Hyperaspis, 316

septernlunata Dejean, Hippodamia, 345

septempunctata Linnaeus, Coccinella, 330,

331

septentrionis (Weise), Brumoides, 320, 359,

378, 388

septentrionis Weise, Brumus, 320

sequoiae Dobzhansky, Coccinella, 337

serena Casey, Hyperaspis, 313

sicardi Nunenmacher, Agrabia, 327

similis Randall, Coccinella, 327

simulatrix Dobzhansky, Hyperaspis, 311,

315, 358, 378, 387

sinuata albertana Casey, Hippodamia, 342

sinuata Mulsant, Hippodamia, 339, 341,

349, 359, 381, 393

sorbrina Casey, Olla, 329

sonorana Casey, Brachyacantha, 317

sordidus (Horn), Nephus, 306, 307, 359,

385

sordidus Horn, Scymnus, 307

spuria LeConte, Hippodamia, 349

stellata Casey, Brachycantha, 317

stigma (Say), Chilocorus, 318, 319, 359,

374, 378, 388

stigma Say, Coccinella, 319

strigata Crotch, Anisosticta, 352

subsimilis Casey, Hippodamia, 346

subversa LeConte, Coccinella, 337

subvillosa Goeze, Coccinella, 303

subvittata (Mulsant), Myzia, 325

subvittata Mulsant, Mysia, 325

subvittata (Mulsant), Myzia, 358, 379, 389

suturalis Casey, Coccinella, 332

suturalis Fabricius, Coccinella, 320

suturalis Weise, Coccidula, 321

taedata LeConte, Psyllobora, 353, 365

tahoensis Casey, Scymnus, 305

telarius Linnaeus, Tetranychus, 298

tetraneura Casey, Hyperaspis, 313

tibialis Say, Coccinella, 342

transversalis Casey, Adalia, 328

transversalis Mulsant, Coccinella, 333

transversoguttata alutacea Leng, Coccinella,

333

transversoguttata richardsoni Brown, Coccin-

ella, 333

transversoguttata Falderman, Coccinella,

332, 333, 358

transversoguttata Mulsant, Coccinella, 380,

382, 390

tredecimpunctata Linnaeus, Coccinella, 342

tredecimpunctata Linnaeus, Hippodamia,

291, 339, 341, 342, 343, 359, 365, 381,

382, 393

tricuspis Kirby, Coccinella, 334

tricyclus Smith, Chilocorus, 318, 319, 358,

361, 388

trifasciata Linnaeus, Coccinella, 331, 336,

337, 357, 358, 380, 391

trimaculata Linnaeus, Chrysomela, 308

trimaculatus Crotch, Hyperaspidius, 309

tripustulata DeGeer, Coccinella, 319

trivittata Casey, Hippodamia, 349

ulkei Crotch, Coccinella, 338, 340

ulkei Crotch, Ceratomegilla, 338, 340

ulkei (Crotch), Hippodamia, 339, 340, 342,

357, 380, 391

ulmi (Koch), Panonychus, 298

undecimpunctata Dobzhansky, Coccinella,

335

undecimpunctata Linnaeus, Coccinella, 331,

332, 335, 356, 359, 373, 380, 391

undulata Say, Coccinella, 314

undulata (Say), Hyperaspis, 31 1, 314, 359,

378, 386

uniformis Casey, Anisocalvia, 327

ursina(F.), Brachiacantha, 317, 359, 378,

387

ursina Fabricius, Coccinella, 317

uteana Casey, Hippodamia, 346

uteella Casey, Bracnyacantha, 317

variegata Goeze, Hippodamia, 290

vancouveri Casey, Anisocalvia, 327

venustula Mulsant, Hyperaspis, 316

vernix Casey, Hippodamia, 346

victoriana Casey, Anisocalvia, 327

vigintimaculata taedata LeConte, Psyllobora,

353

vigintimaculata Say, Coccinella, 352, 353

vigintimaculata (Say), Psyllobora, 353, 359,

361, 374, 381, 394

vittigerus (LeConte), Hyperaspidius, 308,

309, 359, 376, 385

vittigera LeConte, Hyperaspis, 309

v-nigrum Mulsant, Daulis, 329

v-nigrum (Mulsant), Olla, 329, 359, 379, 382,

390
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Washington! Timberlake, Hippodamia, 340,

341, 356, 357, 358, 381, 393

wellmani Nunenmacher, Hyperaspis, 3 1 1

wolcotti Nimenmacher, Hyperaspis, 309

GENERA
Adalia Mulsant, 293, 296, 328, 372

Adonia Mulsant, 293, 338

Adonia Mulsant, 373

Agrabia Casey, 294

Anatis Mulsant, 293, 296, 322, 323, 324,

371

key to species, 322

Anisosticta Casey, 349

Anisocalvia Crotch, 293, 326

Anisosticta Dejean, 296, 351

key to species, 352

Anisosticta Duponch, 363, 373

Anovia Casey, 293

Aphidecta Weise, 294

Arawana Leng, 293

Axion Mulsant, 293

Blaisdelliana Gordon, 292

Brachiacantha DeJean, 291, 292, 295, 317,

378, 387, 398

Brachyacantha Chevrolat, 292, 317, 370,

375

Brumoides Chapin, 293, 295, 320

Brunnis, auct., 293

Bulaea Mulsant, 294

Cacidula Curtis, 293, 321

Cacicula Stephens, 293, 321

Calloeneis Grote, 292

Calvia Mulsant, 293, 296, 326

Cephaloscymnus Crotch, 292, 367

Ceratomegilla Crotch, 293, 338, 340

Ceratomagilla Malkin, 294

Chilochoriis Hope, 293, 318

Chilocorus Leach, 289, 293, 295, 318,

319, 360, 374

key to species, 3 1

8

Cleis Guerin-Meneville (Lepidoptera), 350

Cleis Mulsant, 294, 350

Cleothera Mulsant, 292

Coccidula Kugelann, 293, 295, 321

Coccinella auct., 365

Coccinella, L., 293, 296, 330, 331, 333,

334, 335, 337, 364, 366, 368, 373

key to species, 33

1

Coccinula Dobzhansky, 365

Coccionella Voet, 330

Coleomegilla Timberlake, 293

Coleopterus Mulsant, 374

Cycloneda Crotch, 293, 296, 328, 330

Dargo Chapin, 292

Daulis Mulsant, 293, 330

Delphastopsis Casey, 292

Dephastus Casey, 292, 367

Depressoscymnus Gordon, 292

Didion Casey, 292, 295, 299, 300

key to species, 299

Diomus Mulsant, 292, 367

Epilachna Dejean, 289, 294

Epismilia Cockerell, 292, 296, 365

Eriopis Mulsant, 294

Eriopsis Timberlake, 294

Exochomus Redtenbacker, 293, 295, 319,

320, 321, 367

Exoplectra Dejean, 293

Gnathoweisea Gordon, 292

Halmus Mulsant, 293

Harmoniaspis Casey, 294

Helesius Casey, 292

Hemisphaerica Hope, 293, 338

Hippodamia Dejean, 293, 296, 338, 339,

341, 342, 343, 344, 346, 347, 348, 364,

366, 374

key to species, 339

Hippodamia Mulsant, 373

Hyperaspidius Crotch, 292, 295, 308

key to species, 308

Hyperaspis Dejean, 285, 291, 292, 295,

308, 309, 310, 312, 313, 314, 315, 316,

366, 367, 368, 382

key to species, 310

Idalia Mulsant, 293, 328

Lindorus Casey, 293

Lioscymnus Champion, 292

Lithophilus Frolich, 289

Macronaemia Casey, 294, 296, 349

Megilla Mulsant, 293

Micronaemia Weise, 294, 349

Microscymnus Champion, 292

Microweisea Cockerell, 289, 292, 295, 296

key to species, 297

Mulsantina Weise, 294, 295, 350, 351, 364

key to species, 350
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Mysia Lamarck, 324

Mysia Mulsant, 293, 324

Myzia LeConte, 296, 322, 324

key to species, 325

Myzia Mulsant, 293, 324

Naemia Mulsant, 294

Neda Mulsant, 330

Neoharmonia Casey, 294

Neoharmonia Crotch, 294, 367

Neomysia Casey, 293, 324

Nephus Mulsant, 292, 295, 306, 307, 367

key to species, 306

Nipus Casey, 292, 367

Nomius Mulsant, 293

Novius Mulsant, 293

Oeneis Mulsant, 292

Olla Casey, 293, 329

Orcus Mulsant, 293

Oxynchus LeConte, 292, 309, 310

Pammysia Reitter, 293

Phyllobora Chevrolat, 294

Propylaea El-Harri, 291

Propylaea Mulsant, 293

Pseudocleis Casey, 294, 350

Pseudoweisea Schwarz, 292, 296

Psyllobora Dejean, 294, 296, 352, 361

key to species, 353

Pullus Mulsant, 292

Rhyzobius Stephens, 293

Rodolia Mulsant, 293, 289

Scymnilloides Sicard, 292

Scymnillus Horn, 292

Scymnobius Casey, 292

Scymnus (Pullus) Mulsant, 295, 303, 305

key to species, 303

Scymnus (Scymnus) Kugelann, 285, 291,

295, 300, 301, 302, 303, 364, 367

key to species, 301

Selvadius Casey, 292

Semiadalia Crotch, 373

Sidis Mulsant, 292

Smilia Weise, 292, 296, 364

Spiladelpha Semenov & Dobzhansky, 293,

338

Spilota Billberg, 293, 331

Stethorus Weise, 291, 292, 295, 297, 298,

368

key to species, 298

Stictobura Crotch, 289

Strongyhis Panzer, 293, 321

Subcoccinella Huber, 294

Thalassa Mulsant, 292

Turboscymnus Gordon, 292

Vedalia Mulsant, 293

Zagloba Casey, 292

Zilus Mulsant, 292

SUBFAMILY

Chilocorinae, 292

Coccidulinae, 292

Coccinellinae, 293

Cucurbitaceae, 291

Diaspinae, 297

Epilachninae, 291, 294

Leguminosae, 291

Scymninae, 292

Solanaceae, 291

Sticholotinae, 292

FAMILY

Coccinellidae, 284, 285, 286, 288, 291, 298,

321, 354, 363, 364, 365, 366, 367, 368,'

369, 370, 371, 372, 373, 374, 375

Chrysomelidae, 291, 370, 375

Dytiscidae, 369

Elateridae, 370

Ipidae, 370

Limnephilidae, 371

Pselaphidae, 367

Rhyacophilidae, 371

Rhynchophora, 370

Tetranychidae, 291, 298

KEYS

Key to adults of the species of Anatis, 322

Key to adults of the species of Anisosticta,

352

Key to adults of the species of Chilocorus,

318

Key to adults of the species of Coccinella,

331

Key to adults of the Coccinellid genera, 295

Key to adults of the Coccinellid tribes, 294

Key to adults of the species of Didion, 299

Key to adults of the species of Hippodamia,

339

Key to adults of the species of Hyperaspidius,

308
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Key to adults of the species of Hyperaspis,

310

Key to adults of some species of Microweisea,

297

Key to adults of the species of Mulsantina,

350

Key to adults of the species of Myzia, 325

Key to adults of the species of Nephus, 306

Key to adults of the species of Psyllobora,

353

Key to adults of some species of Scymnus

(Scymnus), 301

Key to adults of some species of Scymnus

(Pullus), 303

Key to adults of some species of Stethorus,

298
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